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NATURE 


DEVELOPMENT OF ATOMIC ENERGY IN BRITAIN 


HE Atomic Energy Authority Bill, the second 
reading of which in the House of Commons on 
ember 18 was by Sir David Eccles, 
binds two provisions in the Atomic Energy 
hority Act, 1954. The first raises from ten to 
en the maximum number of ‘members’ of the 
hority, and the second enables the Authority to 
ude in its pension scheme those of its staff who 
transferred to the employment of the National 
itute for Research in Nuclear Science. The 
sons for these amendments were explained by Sir 
rid and also, on December 3, by Lord Hailsham, 
bn as Lord Privy Seal and Minister for Science he 
ved the second reading in the House of Lords. 
ir David Eccles said that the first clause of the 
sought to recognize the growing complexity of 
Authority’s work and to restore a measure of 
ibility for the future in the composition of the 
erning body while preserving the balance between 
-time and part-time members. Since 1954, the 

of the Authority had increased from 17,000 to 
00, and the Industrial Group alone now employs 
e than 18,000, a figure expected to exceed 23,000 
1961-62. Between 1956 and 1959 the Authority 
eased its staff scientists and engineers by 71 per 
, and the figure of 4,220 is expected to increase 
At present, some 63 per cent 


moved 


2 per cent by 1962. 
engaged on research and development, and the 
pstrial consortia themselves are believed to employ 
e 4,000 men on reactor design and development. 
16 immediate requirements arise partly out of 
recent decision to split the Industrial Group into 
evelopment and Engineering Group, in charge of 
William Cook, already a full-time member of the 
hority, and a Production Group, of which Sir 
nard Owen had been designated head. It was 
rable that Sir Leonard Cook, too, should be a 
time member. Further, it was desired to retain 
services, as @ part-time member, of Sir John 
<croft, now Master of Churchill College, Cam- 
ge, whose place as member for research had been 
xn by Sir William Penney. While at present the 
1 is only for two further places, it was considered 
er to provide for a maximum of fifteen, rather 
the twelve immediately required. 
s regards the second clause, Sir David Eccles 
lained that the National Institute for Research in 
lear Science, established to help the universities 
other learned bodies participate in fundamental 
arch in nuclear physics, is growing fast, and its 
is largely interchanged with the staff of the 
hority. At present the Authority has no power 
mit the staff of the Institute to its superannua- 
h schemes if they so desire. Lord Hailsharn made 
lear that this permissive power would apply to 
lh temporary and pérmanent exchange. 
Although the Bill was generally welcomed in both 
ses, there was considerable discussion on par- 


ticular points in the House of Commons. Mr. A. 
Greenwood, who opened the debate, welcomed it 
as the first of any substance on the Authority 
since 1954; but while stressing the importance of 
part-time membership of the Authority as facilitating 
the participation in its work of distinguished men of 
science and industry, he expressed some misgivings 
as to consistency in the higher planning of the 
Authority’s work. He recognized the need for 
flexibility, but although the Select Committee on 
Estimates had endorsed both the decision to split the 
Industrial Group and to restore executive respons- 
ibility to the technical members of the Authority in 
spite of the recommendations of the Fleck Committee, 
Mr. Greenwood said he is not entirely reassured. 
Stressing the importance of comparable conditions of 
employment in the Authority and at the National 
Institute for Research into Nuclear Science, he 
pointed out that in 1958 the Industrial Group had 
vacancies for 258 university graduates. The Authority 
had offered posts to 422 graduates, but only 160 
accepted the appointments offered. 

Mr. A. Albu, who also supported the Bill, urged 
the increase of Government expenditure on funda- 
mental research as likely to benefit the industry, and 
referred to anxiety,. particularly in the Isotopes 
Division, due to the frustration by Treasury control 
of the efforts of the scientists. Mr. Albu asserted that 
in the past two years many heads of departments in 
the Authority had resigned because of frustration, 
and he thought that this might bear on difficulties 
experienced in recruiting senior staff. The main 
administrative difficulty at present, he said, is lack 
of a sense of direction, and this is directly attributable 
to the retardation in the commercial development of 
reactors in consequence of the change in the energy 
position in Great Britain. Mr. Albu himself suggested 
concentration on a small type of reactor suitable both 
as & marine reactor and as a small land-based power 
station, which he thought should have a considerable 
market and assist and benefit the under-developed 
countries. He also thought that we should go much 
further in co-operating with other countries in 
Europe, but he did not mention that Britain’s only 
opportunity with Euratom is now in the 1,000- 
megawatt nuclear programme which at the outside 
may be added to the 2,000-megawatts of nuclear 
plant which is being commissioned by 1965. 

This plea for clearer understanding of the econ- 
omics of nuclear energy was supported by Mr. H. 
Davies, who asked for a further opportunity for a 
constructive debate on nuclear energy and referred, 
in particular, to the need to release more information 
from the restrictions of secrecy. Another plea for a 
further debate came from Mr. R. Mason, who, 
questioning whether the decision to develop gas- 
cooled graphite-moderated reactors had been wise, 
expressed concern as to the shortage of scientists, 
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technicians and engineers and, in particular, regarding 
the loss of so many highly qualified scientists 
abroad. He thought we should make a serious 
attempt to ascertain why so many good scientists, 
technologists and engineers, who accepted research 
scholarships in the United States and Canada, failed 
to return. The relations with industry also required 
consideration, and in particular we should find some 
way of using to a greater extent the consortia and 
their experienced staff. 

In replying on the debate, Sir David Eccles assured 
the House that there is no intention of stopping work 
on the manufacture and sale of isotopes. The recom- 
mendations of the Select Committee on Estimates on 
the relations between the Authority and industry had 
been accepted by the Authority. Relations in reactor 
technology are already close, and the observations of 
the Committee on the manufacture of fuel elements 
are receiving attention. Referring to recruitment, 
Sir David said that the senior professional staff had 
increased from 377 on March 31, 1958, to 511 at the 
end of September; for and engineers, 
the figures were 6,900 and 8,600, while the senior 
administrative staff had increased from 56 to 93. 
The Bill was passed without the 
Committee stage at the third reading on November 25. 

The debates clearly lent much support to the 
findings of the Select Committee on Estimates in its 
Fifth Report for the Session 1958-59; but they 
should also stimulate that wider thinking about the 


scientists 


amendment at 


development of nuclear energy in the changed context 
of high-level stocks of solid fuel, even if in Great 
Britain there are not the low fuel prices that, with 
large stocks, have caused Europe’s need of nuclear 
energy to recede into the 1970's. The only way to 
sell nuclear power is manifestly to sell it cheap, and 
the Minister for Science should the strong 
demand for regular debates on nuclear energy for the 
further much constructive thinking is 
still needed on the relations between the Authority 
and industry and with Euratom. What is being done 
at Winfrith Heath will obviously be affected by the 
duplication already apparent in the 
research programmes of the six member countries of 
Euratom. The new outlook for nuclear power inevit- 
ably forces on Great Britain the need for greater 
watchfulness to avoid waste of resources and man- 
power in its development, alike from the competitive 
point of view and from that of the efficient use of 
our own limited resources, with which the Minister 
for Science is intimately concerned. Meanwhile, 
it should be noted that, since the debate, it has been 
announced in London, on December 4, that teams of 
scientists from Great Britain and Euratom countries 
are to co-operate in research on controlled thermo- 
nuclear reactors, fast breeder reactors and advanced 
gas-cooled reactors. It is hoped that the new agree- 
ments, besides eliminating wasteful overlapping in 
research projects, may lead to more efficient use 
of scientific man-power, as well as to exchange of 
information, co-ordination in forward planning by the 
British and Euratom teams, and interchange of 


note 


reason that 


and waste 


personnel between Britain and the Continent. 
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A RATIONALE FOR BEHAVIOUR 


Biological and Biochemical Bases of Behavior 
Edited by Harry F. Harlow and Clinton N. Woolsey, 


Pp. xx+476. (Madison, Wisc.: University of 
Wisconsin Press, 1958.) 8 dollars. 


; CCORDING to the preface of this book, the 
symposium which it represents derived from the 
activities of a sub-committee to explore the relation- 
ship between the biochemical and biological sciences 
and mental health, and its purpose was to correlate 
behaviour with results obtained from other biolozical 
sciences : anatomy, embryology, physiology, pharma- 
cology and biochemistry. In the present state of 
knowledge, this might appear to be somewhat ambi- 
tious and the biochemistry of behaviour is, to say the 
least, a study for the future. Nevertheless, the 
rational basis of behaviour will be found only by the 
persistent study of the related basic sciences. 

It is perhaps unfortunate that, for reasons of 
economy, the comments of those taking part and the 
general discussion have been omitted from the book, 
since it might be expected that this part of the 
symposium would produce more integration between 
different fields. As it is, the book consists of a number 
of isolated contributions, with only one common 
link; namely, that each represents some aspect of 
the study of behaviour. When compared with other 
similar publications of which there has been a spate 
in recent years, this book is perhaps unique in that 
the major contribution is provided by experimental 
psychology. Both the opening and closing chapters 
are written by psychologists (Harlow and Hebb) and 
both emphasize the contributions of psycholozical 
method to the study of behaviour. They also stress 
that the psychologist must turn to other disciplines 
for an explanation of the mechanisms underlying the 
phenomena he is studying, an important step which 
not all have taken. It is not surprising, therefore, 
that more than one-third of the book is concerned 
with the relation between function, in terms of 
behaviour, and structure ; this is illustrated by the 
effects of lesions in the brain on various aspects of 
behaviour, for example, sensory discrimination. 
Such studies, examples of which are too numerous 
to quote, lend themselves most readily to the applica- 
tion of psychological methods. 

Neurophysiological contributions to behaviour are 
represented by those of Magoun and Jaspor, who 
discuss the brain stem reticular activating system in 
relation to sleep and wakefulness and the role of 
diffuse projection systems in integrative processes, 
such as conditioning. Lilly describes the plotting 
of a ‘motor’ map of the cerebral cortex from observa- 
tions of movements produced by localized electrical 
stimulation utilizing 610 implanted electrodes ! Olds 
deals with the relationship between electrical events 
and behaviour in self-stimulation studies, the full 
implications of which have yet to be clarified. ‘There 
is one purely anatomical paper (Woolsey). 

There are three biochemical contributions to this 
book. Dr. Tower effectively summarizes the present 
state of neurochemistry, emphasizing the effects of 
biochemical lesions, for example, phenylketonuria, 
on cerebral function. He concludes with remarks 
that the neurochemical substrates of cerebral activity 
must, at some stage, be incorporated into the neuro- 
physiological and behavioural structure of the central 
nervous system. Rosenzweig, Krech and Bennett 
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have, in fact, made an attempt to correlate neuro- 
chemistry and behaviour, and theirs is a rare study 
involving collaboration between biochemists and 
behavioural scientists. They have investigated the 
relationship between acetylcholine metabolism, meas- 
ured by cholinesterase activity, and the maze 
behaviour of rats. This work is extremely interesting, 
and, if it does nothing else, it re-emphasizes the impor- 
tance of biochemical studies on small areas of brain 
tissue. Indeed, any study which could throw light 
on the changes in the central nervous system accom- 
panying the learning process is more than worth- 
while. However, as Tower points out, not only is 
the role of acetylcholine in the brain equivocal but 
also cholinesterase activity is a doubtful measure of 
its metabolism. 

Beach discusses sexual behaviour and its modifica- 
tion by hormonal and neuronal mechanisms. It is 
of interest to recall that profound changes in primitive 
behaviour of this type have been known to be affected 
by different chemical structures for some time. 
Recent advantages in the elucidation of the structure 
of hormones and their chemical synthesis should 
provide an even sounder base-line for future 
stucly 


\ book of this nature usually provides a fund of 


vogue words ; “‘interdisciplinary”’ and “‘major break- 
through”? have been met before but ‘“‘ideational’’ is 
new to us. As is inevitable in publications of this 
nature, much of the material has been published 
elsewhere, either before or since the symposium was 
held, while other contributions represent entirely 
new work. This does not detract from the value of 
the book nor does the fact that it is now three years 
since the symposium took place. It is a useful 
guide to current thought and knowledge and should 


be reac) by all interested in the study of behaviour. 
The book is provided with an adequate subject 
index 

G. B. ANSELL 

P. B. BRADLEY 


CRYSTALLOGRAPHER’S 
TOOL-CHEST OF MATHEMATICS 


International Tables for X-ray Crystallography 
Edited by John 8. Kasper and Kathleen Lonsdale. 
Vol. 2: Mathematical Tables. Pp. xviii+444. 
(Birmingham : The Kynoch Press, 1959.) 115s. 


HESE tables form the second instalment of the 

complete revision and expansion of the original 
“Internationale Tabellen” of 1935. The history of 
those tables and of the present project have been 
described by Ewald in his review (Ewald, P. P., 
Nature, 171, 944 ; 1953) of Vol. 1 of the present tables. 
Vol. 2 has been compiled with the object of including 
all the formule and mathematical tables that a 
crystallographer may be reasonably expected to 
require. They contain no data that depend on 
ee measurement ; such data will appear in 

ol, 3. 

Perhaps the most significant innovation in these 
tables is the inclusion of a 90-page section on mathe- 
matical methods. This covers algebra, trigonometry 
(plane and spherical), catculus (integral and differen- 
tial), vector and tensor analysis, Fourier-transform 
theory and statisties, and comprises definitions, 
theorems, methods of attack, and examples of practi- 
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cal applications to crystal structure analysis. Here 
one can find readily, for example, how the charac- 
teristic values and vectors of a matrix may be calcu- 
lated ; what methods are available for the numerical 
solution of transcendental and other ‘insoluble’ 
equations, and what are their relative merits and 
particular applications ; what are the general proper- 
ties of groups ; how the Fourier transform of a dis- 
continuous function may be expressed in terms of the 
discontinuities ; how to apply a statistical significance 
test ; over what range of values of x is sin x equal to 
x — 1/6 2 to within 0-001; how a given number 
may be approximated to a rational fraction by the 
use of continued fractions. There are many refer- 
ences to standards texts and to special articles. It is 
surprising, however, that interpolation formule are 
not treated, since these should be within easy reach 
of anyone who uses tables, and are moreover useful 
whenever the question of the most suitable interval 
for the tabulation of mathematical functions or of 
experimental observations is under consideration. 

Under the heading ‘“‘Crystal Geometry” there are 
definitions and formule relating t@ direct and recipro- 
cal lattices, angles between planes, twinning condi- 
tions, and quadratic forms. A section on diffraction 
geometry deals with all the well-known techniques 
for recording X-ray diffraction patterns; their 
particular characteristics and applications are listed 
and formule and tables relevant to each method are 
given. The accuracy of measurement of lattice 
parameters is treated in considerable detail. ‘The 
Physics of Diffraction Method” covers formule for 
the intensity of diffraction by a crystal, and the 
corrections for temperature effects, absorption and 
extinction. Under “Fourier Synthesis and Structure 
Factors’ appear formule for the various types of 
synthesis that are in use, and methods of structure 
refinement are fully treated. There is also a survey 
of digital and analogue methods of numerical Fourier 
synthesis. 

Further topics are the close packing of spheres in 
various space groups, statistical tests on intensity 
data for the detection of symmetry elements, and 
inequalities between structure factors that may give 
information about their phases. (The probable 
relations between phases are not included, however.) 
Finally, there are some useful sets of trigonometrical 
tables (tailored for crystallographers), and a glossary 
of crystallographic terms in English, French, German, 
Spanish and Russian, in rather more detail than that 
in Vol. 1. 

The criteria on which such tables are to be judged 
are those of comprehensiveness, ease of use, and com- 
prehensibility. On the first and second scores it is 
almost impossible to find any fault. The compilers 
took the view that nothing of potential application 
should be left out, since few crystallographers have 
a perfect memory for formule, and most prefer not 
to spend time working them out or’searching text- 
books. A very full and systematic contents list 
makes all material easily accessible, and renders an 
alphabetical index unnecessary. On the third score 
it is again difficult to find fault, but one wonders 
whether perhaps mathematical elegance and logical 
development have occasionally been given first place 
rather than ease of reference; for example, the 
introduction to the section on “Fourier Theory” 
(surely a slight misnomer because Fourier also had a 
theory of heat conduction) might well scare the weaker 
mathematician into thinking that he has come to the 
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wrong book. But this criticism does not apply 
generally. 

The layout and printing are of excellent quality, 
and the binding is pleasing in appearance and made 
for hard use. The price is in line with that of any 
first-class text-book of to-day ; if it saves a laboratory 
a total of five days of research-worker time or one 
hour of computer time it will have yielded a handsome 
profit. A. R. STOKES 


THOUGHTS ON COMMUNICATION 


The British Association Granada Lectures 
Science and Communication. By Sir Edward Apple- 
ton. Television and Politics. By Edward R. Murrow. 
Dons or Crooners? By Sir Eric Ashby. (Three 
Lectures given in Guildhall, London, in October 1959, 
on the subject of “Communication in the Modern 
World”.) Pp. 111. (London: Granada TV Network, 
Ltd., 1959.) 3s. 6d. 


"THESE three lectures were organized by the 

British Association and sponsored by Granada 
TV Network, Ltd. They were delivered in Guildhall, 
telecast later in a considerably shortened form, and 
now appear in print. This immediately presents one 
with the problem of how to treat them: as lectures, 
television or essays? Not having seen them on tele- 
vision, I will ignore this aspect. 

The general title of the three lectures is “Com- 
munication in the Modern World’. None of the 
lectures conflicts with this title, but they are related 
only formally. 

The first lecture, by Sir Edward Appleton on 
“Science and Communication’’, gives a lucid account 
of modern communications, but says little that is 
new. One expects a few original ideas in a ‘prestige’ 
lecture of this sort. He might well have extended 
the section where he speculated about future develop- 
ments. From a man so eminent in the field of com- 
munications, this would have been far more inter- 
esting than a summary of our present knowledge, as 
already several good ones exist. 

Dr. Edward R. Murrow gave the second lecture on 
“Television and Politics’. He throws out ideas, 
wittily recounts numerous telepolitical anecdotes and 
very wisely draws the final conclusion: ‘In the area 
of political television we are all ignorant’. Another 
point he makes, rather more tentatively, is that it is 
personalities that come across, not ideas. For 
example, Vice-President Nixon during his election 
campaign was accused of accepting too many presents. 
He appeared on television and won overwhelming 
support from the public by refusing to give up the 
one present he admitted to receiving—a little dog— 
because “the kids love that dog’’. Similarly, Dr. 
Murrow ascribes McCarthy’s rise largely to his flair 
for publicity on television, and he suggests that 
Stevenson would have done better in a non-television 
election where he was not up against Eisenhower's 
homely personality. But—‘It is a limited medium 
.. it can arouse curiosity .. . entertain. . . sell goods. 
But it can’t reason Figs 

Sir Eric Ashby, in his lecture “Dons or Crooners ?”’, 
is the only one really to put forward a thesis. It is 


this: The ordinary man does not feel that he really 


belongs to society, as he did, say, in the Middle Ages. 
This is because he is unable to understand the science 
on which it is based. 


Therefore, he must be given 
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some understanding of science, and this should be 
done by emphasizing the importance of technique in 
science, for the ordinary man is a craftsman and he 
appreciates craftsmanship. This is an excellent plan 
so long as it is not regarded as the only one. But 
Sir Eric is very patronizing about the ordinary man. 
He is called Ron Blossom and he lives in Doris Grove, 
Birmingham. His response to a dramatic scientific 
discovery is to say “‘Cripes’. One thing no one can 
afford to do if he wants to put an idea across without 
antagonizing the recipient is to patronize him. Sur. 
prisingly for the author of “Technology and the 
Academics”, Sir Eric says: “The interpretation of 
science to the likes of you is no problem. You have 
the Third Programme and Pelicans ...”; ‘you’ in 
this case being a “Third Programme audience’. Now 
it is only true that the interpretation of science to 
highly intelligent people presents no problems if the 
people are interested. The trouble is that a great 
many of them are not. Where there is a will there 
may be a way. But it does not follow that where 
there is a way there is a will. B. Sitcock 


DESCRIPTIVE ASTRONOMY 


Elementary Astronomy 

By Prof. Otto Struve, Beverly Lynds and Helen 
Pillans. Pp. vii+396. (London and New York: 
Oxford University Press, 1959.) 55s. net. 


HIS is a text-book based on a new approach to 

the study of astronomy. Many elementary 
texts have considered primarily the historical and 
purely factual descriptive aspects of astronomy. 
Recently, there has been felt a growing need for a 
course emphasizing the physical basis of astronomy, 
using at most the simplest mathematics to perform 
calculations illustrative of the physical principles 
involved, but still including enough descriptive 
material to give the student a basic knowledge of 
modern astronomy. This book aims at meeting this 
need, and it fulfils its intentions admirably. The 
subjects are treated in more or less conventional 
order, starting with the Earth, Moon and planets, 
followed by the Sun, the stars and star clusters, and 
ending (apart from a chapter on instruments) with 
galaxies, but the book has quite a different tone 
compared to older texts. Rarely has a volume 
intended for serious students been so_ profusely 
illustrated, excelling most of the avowedly popular 
books. Still more rarely has any general text-book 
contained so many illustrations from the recent 
periodical literature. The senior author has in the 
past attained a reputation for his descriptive articies 
no less than for his research work, and this book fully 
maintains this reputation. 

Astronomy, in common with all other sciences, is 
developing very rapidly, and no one can be an expert 
in all its branches. Yet the whole of this book is 
surprisingly up to date, a feature which will commend 
it to teachers of astronomy. Most of the book will be 
intelligible to amateur astronomers, and it should find 
a place on the shelves of every general library with an 
astronomy section. The authors state in the preface 
that their book is not intended to replace the many 
excellent text-books of descriptive astronomy now in 
use. The reviewer is confident that it will indeed 
become the leading introductory text on its subject. 

R. H. GAaRsTanG 
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Recent Advances in Atmospheric Electricity 
Proceedings of the Second Conference on Atmospheric 
Electricity, held at Portsmouth, New Hampshire, 
May 20-23, 1958. Edited by L. G. Smith. (Sponsored 
by Aerophysics Laboratory, Geophysics Research 
Directorate, Air Force Cambridge Research Center, 
\ir Research and Development Command.) Pp. 
xv+631. (London and New York: Pergamon 
Press, 1958.) 120s. net. 


rTHIS book reproduces the fifty or so papers that 

| were presented at the conference named in the 
sub-title. They are arranged under three sub-divi- 
sions: fair-weather electricity, thunderstorm elec- 
tricity and the lightning discharge. In some cases a 
résumé of the discussions following a paper is included. 
There does not appear to have been any attempt at 
making a selection of the more important contribu- 
tions for publication and in consequence the value of 
individual papers varies widely. It is difficult to 
find out from such a varied assortment of material 
how much of it does really represent recent advances 
n the subject ; some of the papers describe work 
that is already well known, while others are more 
in the nature of interim reports. 

It is significant that a large part of the work 
described is devoted to atmospheric electrical 
investigations in the upper air by means of aircraft 
measurements and radio sondes. Another significant 
trend is the use of radar in studying thunderstorm 
precipitation and lightning. 

Interested people who were unable to attend the 
conference will welcome the opportunity of learning 
what went on there, and there is no doubt that the 
active worker in the subject can find a great deal of 
interest to him in many of the papers reproduced 
in the book. But it is very doubtful whether a book 
as expensive as this, beautifully produced though it 
is, will attract many individual purchasers. 

F. J. SCRASE 


Principles of Organic Chemistry 

By T. A. Geissman. Pp. viii+ 635. 
W. H. Freeman and Company ; 
1959.) 


(San Fran- 
London : 
7 dollars ; 


Cisco : 
Bailey Bros. and Swinfen, Ltd., 
6s 6d. 


oe author has written an elementary text-book 
of organic chemistry which includes most ‘of the 
inaterial required by a first-year university student, 
but which has its emphasis on important functional 
groups and on general types of organic reactions. 
his approach leads to obvious omissions in a book 
of such moderate size, but Prof. Geissman holds very 
reasonably that the student’s time is initially better 
spent in the study of principles than in the acquisition 
of general information. The last sixty pages, however, 
are largely descriptive and deal with structurally 
tore complicated molecules, many of which are 
hivlogically important. Thus the discussion of the 
basic principles of the subject has been comple- 
nented by some of its major achievements and 
applications. In this way, the student is shown some 
of the scope of organic chemistry. 

Prof. Geissman has, on the whole, succeeded in his 
objects. The presentation and printing of the book 
are both good, except that some of the diagrams of 
nolecular models are confusing and that a few errors 
in formule may be misleading to students. Perhaps 
the allocation of space to various topics is a little 
For example, more room is given to 


inbalanced. 
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aromatic electrophilic substitution than to stereo- 
chemistry. Nevertheless, this book can be enthusias- 
tically recommended as an interesting and stimulat- 
ing introduction to organic chemistry. 

C. B. REESE 


Introducing Astronomy 
By J. B. Sidgwick. Pp. 259. (London: Faber and 
Faber, Ltd., 1959.) 6s. net, paper bound. 

HIS book is a fairly drastic revision of the same 

author’s ““Astronomy for Night Watchers” and, 
as such, is aimed at promoting an interest in astro- 
nomy in the layman; no knowledge of mathematics 
or physics being presumed. It is divided into two 
roughly equal parts. After two introductory chapters, 
the first part consists of an elementary outline of 
descriptive astronomy, taking the usual route 
outwards from the Sun to extra-galactic nebule ; 
followed by simple explanations of some astronomical 
instruments. The second part is almost entirely 
taken up with a description and sketch of each 
constellation in turn, mentioning such objects of 
especial interest as may be observed with binoculars. 
These artificial divisions may be a disadvantage 
from an observer’s point of view but allow the 
inclusion of a brief history and mythology of the 
constellations. 

Mr. Sidgwick writes with an easy style and has 
succeeded in producing a very readable and balanced 
introduction to astronomy with very few errors, none 
of which seriously detracts from its value. Definitions 
are introduced as necessary and there are numerous 
cross-references, so the beginner should encounter 
few, if any, stumbling-blocks. The reader whose new 
interest in this old science has been so ably fostered 
is likely to want to know more. It seems a pity, 
therefore, that space has not been spared for even a 
short bibliography. B. R. LEaton 


The Birds of the British Isles 

By Dr. David Armitage Bannerman. Vol. 8: 
Phalacrocoracidae, Sulidae, Fregatidae, Procellarii- 
dae, Diomedeidae, Podicipedidae, Gaviidae, Colum- 
bidae, Pteroclididae. Pp. x +400+ 26 plates. (Edin- 
burgh and London: Oliver and Boyd, Ltd., 1959.) 
638. net. 


HE eighth of Dr. Bannerman’s impressive 

volumes is largely concerned with sea-birds—the 
cormorants, the gannet and the petrels. The mag- 
nificent frigate-bird is included on the strength of its 
sole recorded appearance, in 1953, and the black- 
browed albatross in view of two certain and a few 
doubtful records ; with these, as also with the rarer 
petrels, the author follows his practice of giving 
full information from the regions where the birds 
more truly belong. Then come the grebes, the divers, 
the pigeons and, finally, Pallas’s sandgrouse. The 
remarkable spread of the collared turtle-dove, 
unknown in Britain until the present decade, is duly 
chronicled ; so also are the extraordinary occasional 
visitations of the sandgrouse from the Aral-Caspian 
region. To an increasing extent Dr. Bannerman has 
included «ontributions from other writers. Thus the 
whole chapter on the gannet is by Mr. George Water- 
ston and those on two of the exotic petrels are by 
Dr. Alexander Wetmore, while various other chapters 
have sections by ornithologists with special know- 
ledge of particular aspects. 

LANDSBOROUGH THOMSON 
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MAGNETOTROPISM: A NEW PLANT-GROWTH 
RESPONSE 


By Pror. L. J. AUDUS 
Botany Department, Bedford College, London 


“WO major theories of graviperception now stand 
opposed. One due to Brauner! is based on the 
so-called geoelectrie effect. Apart from the uncer- 
tainty cast on this whole phenomenon by recent 
investigations*, I have long felt that the forces 
involved were utterly inadequate to cause the 
extremely rapid and extensive changes in hormone 


concentration required by the observed rates of 


growth response. In the second and classical 
statolith theory, cell particles having a density 
different from that of the surrounding cytoplasm 
move under gravity to one side of the responding 
cell, thereby evoking a growth response. Starch 
grains in certain ceils of virtually all receptor 
organs studied respond in this way by sinking to 
the lower side of the cell*. How such lateral 
migration of starch grains could cause _ rapid 
changes in hormone distribution has already been 
discussed elsewhere‘. 

The fact that organs respond to laterally applied 
electrostatic potential gradients has been regarded 
as very strong support for the geoelectric theory, 
although recent findings* call for a major revision of 
ideas on this phenomenon. No similar kind of 
support has been forthcoming for the starch-grain 
statoliths because so far no forces other than those 
arising from the mass of the grain itself (that is, 
gravity, centrifugal force) have been employed to 
shift them in the cell. In consideration of the 
possibilities of cireumventing this difficulty, attention 
was given to the behaviour of organic substances in 
strong magnetic fields. They are normally weakly 
diamagnetic, and if therefore particles of such 
materials are placed in a non-uniform magnetic field, 
then a force will be exerted on such particles in the 
direction of the maximum gradient and equal to : 


1H 
(K, — K,)v.H- 
dx 


where K, and K, are the volume susceptibilities of 
the particle and suspending medium respectively, v is 
the volume of the particle, H the magnetic field 
strength and dH /dz the field gradient. 

Few, if any, experimental observations have been 
made on the magnetic susceptibilities of starch or 
protein solution, like that surrounding siatolith 
starch in the cytoplasm of the plant cell. Since 
exact experimental determination of these unknown 
parameters promised to involve much time and the 
employment of special techniques, it was resolved, 
in the first place, to study the behaviour of a suitable 
organ in a steep magnetic gradient. To this end a 


large permanent magnet, designed for use with a 


magnetron, was employed. 
iron pole pieces of triangular cross section as in 
Fig. 1. Direct measurements of the field strength 
by the Quincke method showed that such an arrange- 
ment gives maximum field strength just inside the 
narrowest point of the gap and the steepest gradient 
in an outward direction in the plane A-—B, as is 
shown by the graph of Fig. 1. The field strength in 
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Fig. 1. 

growth chamber and cress seedling roots and fleld-strength dis- 

tribution through the gap. Top, cross-section and field-strength 
curve ; bottom, end view 


Diagrams showing magnet gap design, position of glass 


The organ chosen for study was the seedling root 
of Lepidium sativum growing under sterile conditions 
on plain 2 per cent agar in a small glass chamber of 
design shown in Fig. 1. The seedlings were germ- 
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Progress of curvature of 36-hr. roots of Lepidium sativum 
seedlings down the magnetic gradient 
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Fig. 2 


inated and grown for 36—60 hr. in the dark in an 
incubator at 25° C. and the roots allowed to grow 
downwards along the vertical surface of the agar. 
At the commencement of the treatment the chamber 
was inserted as illustrated between the poles of the 
magnet so that a root lay parallel to the gap and 


slightly above it, as near as possible to the region of 


maximum force. The magnet, which was held in a 
heavy brass cradle and mounted on an axle in ball 
bearings was rotated about the axis of the gap at a 
speed of about 2 revolutions per min. to eliminate 
gravitational effects which might swamp any magnetic 
effects. At intervals of 10-15 min. the root tip and 
edge of the nearest pole piece were photographed 
from the direction A—B by an automatic 35 mm. 
Robot camera provided with an 8-in. 
lens giving an image almost natural 
size on the film. The photographs 
were taken with synchronized elec- 
tronic flash illumination of 1 psec. 
duration without stopping the rota- 
tion. The direction of flash illum- 
ination was thus at right angles to 
the magnetic gradient ; but, in any 
event, as shown by experiments 
employing visual observation only, 
this flash illumination had no detect- 
able effects either on control roots out 
of the field or on those situated just 
above the gap. All these observa- 
tions were made at room tempera- 
tures (18—-22° C.) and in weak diffuse 
light. 

A large number of experiments 
have now been performed, and in 
all but a very few cases roots have 
shown marked growth curvatures 
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away from the gap, that is, down the magnetic 
gradient. Typical results for a 36-hr.-old root and 


60-hr. roots are shown in Figs. 2 and 3 respectively. 
From the photographic records, preliminary esti- 
mates have been made of the reaction time by 
extrapolating backwards the curvature progress 
curve to cut the axis of zero curvature. In the 
fluctuating summer temperatures of the laboratory 
(18-22° C.) the values obtained fell between 30 
and 45 min. Under similar environmental conditions 
measurements have shown the time of reaction 
to a continuously applied gravitation stimulus to 
be 4-8 min. 

Having obtained such success with growth re- 
sponses, attention was then focused on starch grains. 
First, the value of their diamagnetic susceptibilities 
was considered. By use of the Pascal constants it is 
possible to calculate from their molecular structures 
the magnetic susceptibilities of organic molecules. 
Assuming for these purposes starch grains to be 
amorphous the average volume susceptibility (Ks7) 
can be estimated to fall between about —0-74 and 
—0-62 x 10-* c.g.s. units depending on the value of 
the density of the starch grain taken to derive it 
from the specific susceptibility y. The average value 
of volume susceptibility for the surrounding cyto- 
plasm (Kp) is much more difficult to assess but 
should differ very little from that of water, that is, 
-0:72 x 10-* e.g.s. units. The difference in the 
two susceptibilities will therefore fall between 
+0-10 x 10-* and —0-02 x 10-* and the resultant 
force on the grain may be either inwards towards 
the gap or outwards away from it, depending on the 
particular value of Ksr. However, starch grains are 
not amorphous and it is therefore possible, as has 
been shown for cellulose’, that they may show appre- 
ciable diamagnetic anisotropy. If we make the 
reasonable assumption that the maximum value of 
Ksr along a particular axis of the grain could rise 
to 25 per cent above the average susceptibility 
calculated above, then this maximum value of Ksr 
falls between —0-93 and —0-78 x 10-* c.g.s. Since 
the starch grain would orientate itself in the field 
so that its axis of maximum susceptibility would be 
perpendicular to the lines of magnetic flux, that is, 
along the maximum field gradient, then the effective 
force on the grain would consistently be away from 
the gap. It is a simple matter to get an estimate of 
this magnetic force in terms of the gravitational 
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90 min, 105 min. 


of curvature of 60-hr. roots of Lepidium sativum seedlings down the 
magnetic gradient 
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force acting on the same grain. Thus the gravita- 
tional force is expressed by the formula : 


(est — op)v.g 


where esr and op are the densities of starch and 
protoplasm respectively. The ratio of the magnetic 
force to this force is given by the formula : 


(K sr — Kp) H dH 
(esr — ep) g dex 


The value of ps7 can be estimated only approximately. 
Dry potato starch has a density of 1-5, which falls 
to 1-25 when the grain is fully imbibed. Egg white, 
taken as near model of cell protoplasm, gives an 
estimate of op 1-04. Depending then on the 
density taken for the statolith starch grain we 
obtain numerical values for this ratio ranging 
between 0-01 and 0-0065. This ratio is very small 
compared with the ratio of reaction times for magneto- 
tropic and geotropic curvatures respectively. It is 
possible, however, that the ratios of presentation times, 
which would presumably be directly related to starch 
grain movement, might more nearly approach this 
calculated ratio of available forces. 

With these possibilities in mind, attempts have 
been made to observe the behaviour of starch grains 
in roots bending in this magnetic field. Thus, with 
the minimum of delay after rotation was stopped, 
curved roots were removed from the experimental 
chamber and fixed in formalin—acetic—aleohol. They 
were first placed on the surface of a small disk of 
radish tissue in a film of sodium alginate dissolved 
in diluted indian ink, and carefully and quickly 
orientated thereon so that later the plane of cutting 
in the paraffin block could be easily and accurately 
identified. The whole flooded with fixative 
containing 1 per cent calcium chloride simultaneously 
to fix the root and to turn the sodium alginate 
solution into a rigid calcium alginate gel. After 
embedding in paraffin wax, longitudinal sections 
were cut at 8u in the plane of bending and stained 
for 24-48 hr. in dilute aqueous iodine. Measure- 
ments of starch grain distribution were made on all 
the root-cap cells appearing to be complete in one 
or more median or near median sections of well- 
curved roots. By using an ocular with a median 
hair line, which was adjusted to bisect the cell as 
nearly as could be judged by eye in a direction 
parallel to the main root axis at the tip, the numbers 
of starch grains on the two sides of each cell were 
counted and differences determined. Results of 
these preliminary observations are shown in Table 1. 
It will be seen that in most sections there is a very 
slight preponderance of grains in that half of the cell 
nearer the concave side of the root, that is, the side 
away from the magnet. In two sections only is this 
shift significant at the 5 per cent level and in most 
cases it is not significant. However, the overall 
picture is undoubtedly one of a slight shift of starch 
grains down the magnetic field gradient. 

Suggestive as they are, these preliminary experi- 
ments do not yet constitute proof of the statolith 
starch theory of graviperception. They must be follow- 
ed by more precise studies on starch grain behaviour 
in root caps and with completely unambiguous and 
objective methods in order to eliminate any possibility 
that the very small shifts recorded are not artefacts 
of technique or observation. In addition, exact 


was 


NATURE 


January 16, 1960 vou iss 


experimental determination will have to be made of 
the magnetic properties of these starch grains both 
inside and outside the cell and of the surrounding 
protoplasm if suitable methods can be found for 
studying them. The present experiments do most 
strongly suggest, however, the involvement of some 
moving material which distributes itself in the cel] 
under a magnetic gradient in the same sense as it 
does under gravity. Thus if it were a cytoplasmic 
particle it would have to be either denser than cyto. 
plasm with a higher diamagnetic susceptibility, or less 
dense with a smaller susceptibility. However, we 
must not lose sight of the fact that the root as 4 
whole will be subjected to a small outwardly directed 
foree which will set up small bending stresses in the 
growing zone. The part such stresses may play in 
the growth responses observed must also be fulh 
elucidated. , 


Table 1 


Average differ- | 





Section Average ence in number 
(num- number of of starch 
Root bered in starch grains; grains. Con- |o/\/N N P 
series) per cell cave-convex | | 
side | 
l Median 7°40 | 0°37 0-05 
2 Median 5°75 0-48 ns. 
} 1 5-17 0°66 | 0.3. 
2 6-1 | | 0-63 ns. 
3 6-95 | 0-62 0-03 
4 6°53 j 0°39 ns 
Median 6-55 | 0°36 ns, 
Median 5-23 0°36 n.8. 
7 6-08 0°35 : n.s 
5 7-04 0-56 22 ns. 
9 6-46 0-35 | 28 1.8. 
10 9-00 0-54 21 0-03 
11 8-27 0-48} 18 | ns. 
12 9-21 0-98 14 n.s. 
4 i 7°43 0°47 23 n.s. 
2 7 64 0-81 il n.3. 
Median 8-17 0-53 24 n.8. 
3 11-01 0°73 12 n.8. 
5 l 7 92 0-62 28 0-05 
2 6-00 0°36 20 ns. 
Median 7°55 0-51 22 n.8, 
4 | 7°20 0-80 11 n.3, 





So far the phenomenon has been investigated with 
only one organ of one plant species. It must be 
extended to roots of other species and also to other 
organs, such as the coleoptile, to see how universal is 
the correlation between the responses to gravity and 
those to a magnetic gradient. 

Such experiments are being actively pursued, and 
it is hoped that this new phenomenon may prove to 
be a valuable tool in our attack on the problem of 
the mechanism of graviperception. 

I wish to acknowledge my indebtedness to Dr. V. I. 
Little of the Physics Department, Bedford College, 
for many valuable discussions, for advice in the 
design of apparatus and for arranging the loan of the 
magnet used ; to Dr. V. C. G. Trew of the Chemistry 
Department, for information on magnetochemistry 
and the calculation of diamagnetic susceptibility of 
starch, and to Dr. B. C. Sharman of the Botany 
Department, Bedford College, for suggesting the use 
of calcium alginate as a cement in the orientation of 
roots for embedding. 


* Brauner, L., Jahrb. wiss. Bot., 66, 781 (1927); 68, 711 (1928). 

* Brauner, L., Planta, 53, 449 (1959). 

* Rawitecher, F., “Der Geotropismus der Pflanzen”, 308 ((iustav 
Fischer, Jena, 1932). 

* Audus, L. J., and Brownbridge, M. E., J. Exp. Bot., 8, 235 (1957). 

* Selwood, P. W., ““Magnetochemistry” (2nd edition), 127 (Iaterscience 
Pub., Inc., London, New York, 1956). 
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A NEW HYPOTHESIS 


By Dr. P. R. J. BURCH 


Medical Research Council Environmental Radiation Research Group, Department of Medical Physics, 
University of Leeds, The General Infirmary, Leeds | 


rT‘HERE is growing scientific and social concern 

about the possible influence of small doses of 
ionizing radiation upon the incidence of leukemia 
and bone cancer in human beings. That large doses 
of X-rays (of the order of 1,000 rems) can occasionally 
induce leukemia, and that long-standing radium 
burdens (of the order of several ugm.) in the human 
skeleton can occasionally produce bone cancer, are 
facts which are not in dispute. However, at doses 
and dose-rates comparable to background (generally 
about 0-1 rem/yr.), changes in cancer incidence are 
likely to escape detection because on any plausible 
theory they will represent only a small fraction of 
the normal incidence. To predict the somatic effects 
of small amounts of radiation we are therefore com- 
pelled to use statistics relating to high doses, and to 
extrapolate to low by means of a theoretical dose— 
response relationship. 

The linear theory of carcinogenesis, which states 
that the incidence of radiogenic cancer is directly 
proportional to the radiation dose, has recently been 
criticized so effectively by Brues' that it must be 
regarded as being of very doubtful validity. Kimball? 
challenges the reliability of the statistics and statist- 
ical tests used by Lewis* in support of a linear theory 
of radiation leukemogenesis. Mewissen‘, analysing 
the dose-response relationship in radiation leukemia 
by the method of marking probits, suggests that 
leukemogenesis may require more than one critical 
molecular event, although a single event may be the 
initiating agent. 

Experiments in which osteogenic sarcomas in mice 
were induced by bone-seeking radioactive isotopes 
are regarded by Finkel’ as giving evidence for a 
threshold effect. The low doses received by human 
beings from world-wide radioactive fall-out will not, 
she concludes, induce a single osteogenic sarcoma. 
By contrast, a maximum upper limit is predicted* 
from the linear theory of nearly ten cases per annum 
per million of population (for strontium-90 at an 
equilibrium-level in bone, assuming continuation of 
bomb tests). In view of the great diversity in these 
estimates, it is necessary to re-assess the evidence 
ind to consider whether there is any alternative to 
he linear and threshold theories. 

In this article, human radiogenic leukzemia and 
hone cancer will be considered, and arguments will 
he advanced in support of the tentative view that 
both diseases are initiated by a highly specific ‘two- 
hit’ mechanism. 


Dose-Response Relationship in Human 
Leukemogenesis 


Court Brown and Doll’ examined the statistics for 
the incidence of leukwmia in patients irradiated for 
ankylosing spondylitis ‘and adopted the working 
hypothesis that there is no threshold dose, and that 
st low doses the incidence of radiogenic leuk«mia is 
proportional to dose. Their results are re-plotted on 





log-log scales in Figs. 1 and 2. In Fig. 1, where the 
standardized incidence in excess of normal (that is, 
the radiogenic incidence) is plotted against the mean 
dose to the spinal marrow, it appears that a line of 
slope 2 gives at least as good a fit to the points as a 
line of slope 1. This implies that the radiogenic 
leukemia incidence-rate might equally well be pro- 
portional to the square of the mean dose to the spinal 
marrow as to the first power. Court Brown and Doll 
refer, however, to the unreliability of the point at 
highest dose where extra-spinal marrow received a 
larger proportion of the dose than at the lower 
dose-ranges. 

In Fig. 2, the radiogenic incidence-rate is plotted 
against the whole-body integral dose. Since the 
statistical errors will be similar to those in Fig. 1, 
the fit of the points to a line of slope 2 is very good, 
and it suggests that the radiogenic incidence-rate 
might be proportional to the square of the whole 
body integral dose. These quadratic relationships 
have been briefly noted previously'.*, and they hint 
at the possibility that radiogenic leukemia may 
require a two-hit process for its initiation. It will be 
seen later, however, that if the hypothesis elaborated 
here is true, this evidence will require very extensive 
re-interpretation before valid conclusions can be 
drawn from it concerning the dose—incidence relation- 
ship. 

Consideration of other evidence of human radio- 
genic leukemia will be deferred until after the 
mathematical relationships have been presented. 


Dose-Response Relationship in Human Bone 
Cancer 


The scanty data® for mortality from bone cancer 
as a function of terminal radium burden are plotted 
on log-log scales in Fig. 3. They imply that radio- 
genic incidence is proportional to the square of the 
terminal radium burden. Differences in radium 
uptake will give rise to different deposition patterns 
in bone. Despite this complication, for long-term 
burdens there may be a rough correspondence 
between the square of the average terminal burden 
for a group and the effective mean square dose to 
relevant bone tissue. If this can be assumed, then 
for radiogenic bone cancer, as for leukemia, there is 
a suggestion that a two-hit process is involved. 

The formal properties of two contrasting two-hit 
models will now be considered. 


Fisher’s Multiple Mutation Theory 


The idea that natural or spontaneous cancers may 
arise through a succession of somatic mutations has 
been put forward on many occasions”, and most 
recently by Fisher™, who postulates the following 
sequence of events: (1) a somatic mutation; (2) 
clone growth from the mutated cell; (3) a second 
mutation within a clone cell which, in the case of a 
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two-mutation sequence, will give rise to 
cancerous growth. 

In the case of a three-mutation se- 
quence, (3) above is followed by: (4), a 
second clone-growth of cells containing 
two mutations, and (5), a third mutation 
within this clone leading to tumour 
development. 

Fisher also argues that in epithelial 


tissues it is likely that the number of 


mutated cells in a clone increases (after 
the first few divisions) in proportion to 
the square of the time. If it is considered 


that a natural cancer arises as a result of 


n successive spontaneous mutations, and 
if mutation-rates and clone growth-rates 
are invariant with respect to age, the 
age-specific incidence-rate is shown by 
Fisher to be proportional to (age)**-”. 
Thus, for » = 2, the age-specific inci- 
dence-rate would be proportional to 
(age)* and for n 3 it would be propor- 
tional to (age)*. Court Brown and Doll'? 
have examined the natural death-rate 
versus age relationships for chronic 
lymphatic, chronic myeloid and acute 
leukzemias. With chronic lymphatic 
leukemia there is probably no genuine 
cohort effect'* (that is to say, the actual 
death-rate from chronic lymphatic leu- 
keemia at a given age is not changing with 
time) and the age-specific death-rate is 
proportional to (age)*; thus, assuming 
the difference between age at incidence 
and age at death will not appreciably 
distort the relationship, a triple-mutation 
sequence would be implied. For chronic 
myeloid leukemia it is again likely that 
there is no genuine cohort effect’, and 
for this disease the age-specific death-rate 
is proportional to (age)*, suggesting a 
double-mutation sequence. Acute leu- 
kemia shows a marked cohort ‘effect 
between the years 1945 and 1957 and the 
shape of the age-specific death-rate versus 
age curve is unusual, with mortality 
falling from adolescence to a minimum at 
25-29 years, and then increasing slowly 
up to 70 years. Since the cohort effect 
suggests the presence of an extrinsic 
leukzemogenic agent, no reliable conclu- 
sion can be drawn about a possible intrin- 
sic death-rate versus age relationship, 
except that from Court Brown and Doll's 
graph it appears unlikely to be of the 
sixth-power type. 

It may well be significant that radiation 
exposure has been associated with chronic 
myeloid and acute leukemias, but not 
with chronic lymphatic leukemia requir- 
ing (hypothetically) a three-hit rather 
than a two-hit sequence. : 

Equally important is the connexion 
between age-specific death-rates from 
bone cancer and age. It is possible that 
there is no genuine cohort effect where 
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incidence (as opposed to death) is concerned’, and Further investigation will, however, be necessary 
plotting from Case'* the mean age-specific death-rate to ascertain whether the classification ‘bone tumours 
from cancer of bones (excluding jaw) for the 1866 excluding jaw’ refers predominantiy to the same t)}* 
and 1871 cohorts against age on log-log scales, we of tumour as that induced by radium in bon 
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that, in spite of large uncer- 
1ce, there is no indication that 
doses this 
Indeed, it is much more likely 













possess 


1utation theory seems inapplic- 
radiation leukzemogenesis in 
1ere there is no cohort effect it 


ecific incidence-rate on age. 
in natural cancers may arise as 


with, but others different from, 


tions. One is, therefore, led to 
these discrete events in the 
be chromosome or chromatid 


At the same time, it 


Is necessary to assume 
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n versus whole-body integral dose (Mar.). Re-plotted 
irt Brown and Voll (ref. 7) on log-log scales. The errors 
lated, but they will be ur to, or slightly larger 
than, those in Fig 
1, it is possible that the natural incidence 
» two-mutation sequence and that radio 
idence requires a two-hit process. 


er now the application of Fisher’s theory to 
the radiation 
a long period (as with background or 
R rems per unit time. 
number of specific first mutations 


cancer. Suppose dose is 


i over! 
ind at a constant rate 


em, WM, number of specific second 


rem 
clones containing 


constant for 


(Fisher assumes for epithelial 


rowth-rate 


tation cells’. 


that the number of cells in a clone increases 
rtion to the square of the time, and we shall 
same growth law here.) 
be shown that dN,. the number of cells 


mtaining both specific mutations during a 


rval t tot + dé is given by 


dN o = amym, Re dt (1) 
he total dose delivered is D Ri 
dN./dt = L am ym, D% (2) 


this theory, if a two-mutation 
| for carcinogenesis, the rate of radiogenic 


m sequence 


ll formation will be proportional not only 


square of the dose but also to the time over 


anner, widely spaced (that is, 


is delivered (provided ¢ is large compared 
time of first-mutation cell division). In the 
fractionated) 


ould be extremely effective as compared with 
total dose delivered in a short interval. 














that, after the first break, clone-growth does not 
occur, although in the eventual cancer cell the ‘break’ 
(gene deletion ?) must produce an effect similar to 
that of the natural mutation. 
Chromosome-break Model 
In this model it is assumed that a radiogenic 
cancer arises from a cell which has received two 
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Fig. 3. Annual incidence of bone cancer above normal per 10,000 
versus terminal radium burden (/gm. radium-226). Re-plotted 


on log-log scales from Marinelli (ref. 9). 
given in the original paper 
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Fig. 4. Mean age-specific death-rate from cancer of bones (ex- 

cluding jaw) for the 1866 and 1871 cohorts, versus age, on log-log 

Plotted from Case's (ref. 13) analysis of statistics for 
England and Wales 


scales. 


specific chromosome breaks. The following detailed 


suppositions are made : 


(a) L cells of a particular tissue type are capable 


of developing into cancer cells 
a constant 


(4) They are irradiated at dose-rate of 
R rems per unit time. 

(c) ¢, 1s th average number of specific first 
chromosome breaks produced per cell per rem. 

(72) Cells containing a ‘ec,’ break may be rendered 
carcinogenically ineffective through natural processes 
repair or cell death), or through further 


(such as another chromosome break) 


(such as 
radiation injury 
leading, perhaps, to cell death. The natural processes 
of elimination are characterized by a simple expon- 
ential function with decay constant » (though the 
function could well be multiple exponential, Gaussian, 
other form). p, the of lethal 
radiation hits per ‘c,-type cell’ per rem characterizes 


or of some number 
the radiation injury. 

the average 
chromosome breaks produced in a 


number of 
“€y type’ eell per 


(e) ¢, 1s specific second 
rem. 

(f) A long interval can elapse between the pro 
duction of a potentially cancerous cell and the actual 
development of a cancer. If during this period, or a 
part of it, cancerous potentialities are carried by 
only one cell, the receipt of a further radiation ‘hit’ 
(producing, for example, another chromosome break) 
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could be lethal to that cell. g is the number of such 
lethal hits per potentially cancerous cell per ren 

If the irradiation time is short so that a potentiall) 
cancerous cell cannot undergo division during the 
irradiation, it can be shown that the number, N.,, of 
potentially cancerous cells is given by : 
Le,ec,R?* ( l e qkt P (A+pRyt _ 9- qk 3) 


N 
+ pR t 


"  *s qk a + R(p — q) 

(In solving the differential equations imposed by 
the assumptions, it is further assumed that at thy 
commencement of the irradiation there are no ¢,- o 
c,-type breaks in any of the L cells.) 

(g) If a potentially cancerous cell divides shortly 
after its production and cancerous potentialities ar 
transmitted to both daughter cells, the chance of 
both cells being eliminated by subsequent radiation 
damage is very much reduced. If the ‘vulnerabl 
period’ (t) between the initial production of th 
potentially cancerous cell and its effective multi 
plication is short (such that gRt < 1), q-type let} 
hits can be disregarded. For protracted irradiations 
under these conditions we obtain : 

Le ,c,R? { 1 e~ (A+ PR ) 


( . y) : pR ) (4 


ai 


ie > pR 
The significance of equations (3) and (4) is best 
understood with reference to various limiting con 
ditions. Consider first the dose-response relationship 
for small doses delivered at a high dose-rate, so that 
the following conditions obtain : 
pR, qk ? 
at, pRt, qRt (that is, pD and qD) l 
Equation (3) will be applicable and it reduces t 
N, Le ,c,D?*/2 5 


If, however, a small dose is delivered at a low dose 
rate over a very long period (as with background an 


fall-out radiations) such that 2¢ 1, } pR, 
ppd, qD l 
equation (4) reduces to: 
LP Le ,e,R*t/) Le ye,D*/24 6 
Under these conditions, cancer incidence will be 
less than that observed for the same dose delivered 
at high dose-rate in the ratio of 2/)¢ (t 1). 
Consider now the effect of a large dose delivered 


at a high dose-rate in a short time, 


that is, pD, qD | 
pR ? 
Equation (3) is applicable, and it has been show! 
above for small doses at a high dose-rate that N. is 


proportional to D?. As pD and qD increase witl 


increasing dose, they will become an appreciabl 
fraction of unity, and N, will fall below propor 
tionality to D*. In the limiting case where pD, 
qD 1, N, reaches a plateau : 
N. J Le \¢, - 
. PY 


The remaining case to consider is the delivery of a 
large dose over a long period. 
é> 1, Al 1, pD l 
Equation (4) applies and it simplifies to 
Le ,c,R*t Le y,D* 
A + pR rt pD 
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Before proceeding to a rough estimate of the con- 
stants in these equations, and in order to relate N, 
(total incidence) to observed incidence-rates, it is 
necessary to consider some of the possible biological 
processes involved in carcinogenesis. 


Carcinogenesis : Possible Mechanisms 


We have seen that on Fisher’s multiple mutation 
theory the dependence of the natural age-specific 
incidence-rate on age for chronic myeloid leukemia 
and for bone cancers can be understood if two suc- 
essive somatic mutations are required within the 
same cell. It is also possible that radiogenic leukzemia 


and bone cancers result from two chromosome or 


chromatid breaks within the same cell: these breaks 
could produce gene deletion. It is tempting to 


conclude that the two mutations and the two breaks 
have a similar effect on the economy of the cell, and 
that in both cases the modified deoxyribonucleic acid 
will produce a modified ribonucleic acid synthesis. 
Modified ribonucleic acid will in turn affect protein 
synthesis in the cytoplasm. 

On the basis of immunological studies, Green 
contends that malignancy arises through the fol- 
lowing stages : initially there is a modification of one 
or more cytoplasmic specific protein complexes (cell 
identity markers); these modified complexes then 
elicit an antibody response, to which the cell event- 
ually ‘adapts’ by losing the modified marker. This 
loss of marker involves the failure of the normal 
growth-regulating mechanism and the ‘adapted’ cell 
Other evidence points to a 
rather similar that certain proteins 
essential to normal controlled division are either 
eliminated (corresponding to Green’s antigenic loss) 
or structurally modified so as to be incapable of 
functioning normally’. 

Modified protein synthesis could result in irrevers- 
ible injury of respiration which, Warburg’ has 
is the essential first phase of cancer. The 
present hypothesis does not, however, predict such a 
specific form of injury. Thus, although there is no 
contradiction with Warburg’s theory of cancer, the 
present hypothesis is, in its most important aspects, 
independent of it. 


becomes neoplastic. 
conclusion, 


claimed, 


Osgood” argues that a basic dividing cell must 
generally give rise to one cell which proceeds to 
differentiate and another basic or primitive cell which 


is capable of maintaining this process through further 
This normal or ‘arithmetic’ type of division 
will oceasionally (during growth or after injury) 
— to ‘logarithmic’ division in which two basic 
daughter 


div ision. 


cells emerge after cell division. Osgood 
postulates that logarithmic division is normally pre- 
vented by an inhibitor which, he suggests, is pro- 
duced in the adjacent or nearly adjacent differentiated 
cell Malignancy is said to result from a 
concentration of inhibitor, and Osgood claims that a 


lowered 


reduction in the life-span of differentiating cells could 
bring this about. 

Although some such homeeostatic control must 
exist, logarithmic growth could arise not only via 
Osgood’s suggested mechanism but also through any 
appropriate interruption in the feed-back circuit 


and in particular through the malfunctioning of the 
‘inhibitor receptors’ in the dividing cells. 
(These ‘inhibitor receptors’ may be equated with 
Green cell identity markers.) If a unique two-hit 
8S 1S involved in radiogenic leukszemia and bone 
cancer, it would seem that the initiating process is 
much more likely to involve a modification of the 


basic 


proce 


NATURE 


139 


‘inhibitor receptors’ than injury to one, or at the 
most two, differentiated cells. Osgood’s explanation 
in terms of a reduced inhibitor concentration could, 
of course, apply in certain other situations where, for 
example, hormonal factors are important. 

The biological mechanism of ‘two-hit’ radiation 
carcinogenesis favoured here is therefore as follows: 

When a viable ceil containing a c,-type chromo- 
some modification receives a ¢,-type chromosome 
(chromatid) break, the resulting cell is potentially 
carcinogenic. Subsequent cell division will dilute the 
normal ribonucleic acid and the normal cell identity 
markers initially present until eventually a cell 
emerges in which normal markers have been entirely 
replaced by modified markers. At this stage (or 
possibly before) the antibody response postulated by 
Green will be elicited. Adaptation, involving the 
elimination of all markers, produces the carcinogenic 
cell. 

The number of cell divisions required to attain the 
necessary dilution of cell markers will be affected by 
chance. Hence, an irradiation of a group of similar 
organisms should be followed by a minimum latent 
period, at the end of which the tumour incidence- 
rate should show an approximately normal or 
Poisson distribution in time. 

The Hiroshima statisties'® suggest that this may 
be true in the case of radiogenic human leukemia, 
with peak incidence-rate occurring about seven years 
after irradiation (Fig. 5). On this hypothesis, the 
minimum latent period should also be independent 
of dose, except that heavy doses, by extensive cell 
destruction, could accelerate cell division among 
potentially malignant cells and preduce a shortening 
of the minimum latent period. This relative inde- 
pendence of latent period on dose is also supported by 
the Hiroshima leukemia statistics. 

If the dose-range is low enough so that incidence 
(N,) can be expected to be proportional to D* (that 
is, pD, gD <1), then beyond the minimum latent 
period, cumulative tumour incidence and incidence- 
rate at a given time after the commencement of 
irradiation should both be proportional to the square 
of the dose. 

Brues’s experiments’®, in which the daily prob- 
ability of bone tumour appearance in mice was 
observed as a function of strontium-89 dose, support 
this contention, although previously they have been 
differently interpreted. Where there is a time overlap 
between incidence-rate curves at different doses, the 
probability of incidence at a given time is, within 
experimental error, approximately proportional to 
(dose)?. This is true for both continuous and single 
injection experiments. The apparent lengthening of 
the latent period at the lower doses is therefore due, 
in part at least, to inadequate statistics, for when 
doses differ by a factor of 10, incidence will differ by 
a factor of 100; consequently, significant increases 
above the normal or spontaneous incidence emerge 
much sooner at high doses. 

Finkel and Biskis®’, also on the evidence of experi- 
ments with mice, conclude that the latent period for 
the induction of osteogenic sarcomas is independent 
both of isotope and of dose. If this deduction is true, 
then according to the present hypothesis two con- 
sequences should follow. First, in their Fig. 4, where 
the slope of the changing tumour-rate is _ plotted 


against injected dose (on log—log scales), the curves 
should have a slope of 2 over the lower dose-ranges. 
(This follows if N, is proportional to the square 
of the dose and if tumour-rate is distributed in time 
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according to an error function the width of which is 
independent of dose.) For strontium-90 the slope is 
slightly less than 2, but for calcium-45 it is slightly 
more than 2; the data for radium-226 are too few 
to allow the (steep) slope at low dose to be determined, 
but at high dose the slope becomes less than unity, 
implying, as would be expected, that p and q for 
a-particles are somewhat greater than for 6-particles. 
Secondly, the cumulative incidence of osteogenic 
sarcomas before death intervenes should at a given 
time (and at low dose) be proportional to the square 
of the dose. Judging from Finkel and Biskis’s Fig. 1, 
this relationship, in general, does not hold, although 
the discrepancy could be explained if, contrary to 
their deductions, the latent period at high dose is, in 
fact, reduced. 

In connexion with these experiments on mice, it 
should be mentioned that Marinelli® has estimated 
that at low doses the relative biological effectiveness 
of «-particles is 4. It is interesting to inquire what 
combination of radiation damage to the chromosome 
material could yield this relative biological effective 
ness. Some important data concerning the frequency 
of chromosome and chromatid breaks are assembled 
in Lea’s*! Table 67, and although they refer to 
Tradescantia microspores they will be used here as a 
guide. If a two-hit mechanism in the organism con 
sisted of one chromatid break which joined and one 
which remained unjoinable, the relative biological 
effectiveness of a-particles (relative to X-rays) can be 
deduced from Lea’s table to be approximately 4, 

If radiogenic bone tumours in mice were produced 
by somatic mutations rather than through breaks in 
the chromosome material, we should expect the 
relative biological effectiveness of «-particles to be 
less than unity. The relative biological effectiveness 
evidence for radiogenic bone tumours in mice is there- 
fore consistent with the chromosome (chromatid) 
break hypothesis and at variance with the multiple 
mutation theory 

[t is not intended to suggest that the present ‘two 
hit’ or ‘double-break’ hypothesis is applicable to all 
vases of radiation carcinogenesis; thus in mice, 
radiogenic thymic leukzemia and ovarian neoplasia 
may very well be produced by a ‘threshold’ or 
generalized-damage mechanism. I hope to discuss 
he ‘threshold’ concept on another occasion 


Application of Chromosome-break Hypothesis 
to Human Leukemogenesis 

Che numerical results derived in this section must 
be treated with the utmost reserve since uncertain 
data are substituted in an extremely tentative hypo 
thesis It may be said, however, that the same is 
true of all the previous estimates of radiogenic 
leukemia incidence 

The Hiroshima and Nagasaki leukemia statistics 
would be of immense theoretical importance if it 
were possible to estimate accurately the dose to the 
In the absence of detailed information, 
an attempt has been made to obtain very approx- 
imate averages for the Hiroshima survivors using the 
Air doses for y-rays and fast 
prepared by the 


survivors. 


following procedure 
neutrons were taken from curves 
Health Physics Division of Oak Ridge National 
Laboratory**. The mean attenuation of y-rays is 
assumed to be 0-76 in buildings and 0-74 in tissue 
overlying bone marrow. The mean attenuation of 
fast neutrons is assumed to be 0-48 in buildings and 
0-26 in tissue overlving bone marrow ; the relative 
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Fig. 5. Yearly incidence of leukemia in excess of unirradiated 


control group, among the survivors at Hiroshima who were 
0-2,000 m. from the hypocentre, versus year. Plotted from Wald 
(ref. 18) 


biological effectiveness for fast neutrons is taken to 
be 2. Fatalities were very high in the inner zone 
(0-1,000 m. from the hypocentre) and most of the 
leukemia victims were in the region 850-1,000 m.. 
Here, the average bone marrow dose (assuming a 
uniform geographical distribution of the population) 
is found by integration to be 600 rems. Similarly for 
the zone 1,000-1,500 m., the average is 170 rems 
For the zone 1,500-2,000 m., where incidence is 
expected to be proportional to (cose)*, the mean 
square dose has been caiculated and found to be 
nearly 700 (rems)*; the root mean square dose is, 
therefore, 26 rems. The mean or root mean square 
doses are plotted in Fig. 6 versus the mean leuk:wmia 
incidence-rate’ for the period 1950-57 on log-log 
scales. The points are consistent with the type of 
relationship predicted by equation (3). That is, at 
low doses, incidence is proportional to (dose)*, but at 
high dose the curve bends over and attains a plateau 

If the incidence of radiogenic leukwmia for the 
lowest dose group is distributed in time according to 
the smooth curve of Fig. 5, and if no other peaks 
occur in future years, the total incidence of radio- 
genic leukemia for this group is caleulated to be 
1-5 per 10,000. 


From equation (5) : 
2N, 3°0 104 
; D? 694 
4°3 10 


Ley 


Brues', on the assumption that leukzmia arises 
from proliferating myeloid cells, has suggested that 
L. is of the order of 10" cells. 


Hence ¢,¢, ~ 4 X 10-* 


Assume that c, and ¢, refer to two chromatid 
breaks, one of which is restituted and the other 
remains broken. If a fraction 0-09 of primary breaks 
are unjoinable*', then if ¢, and ¢, are now referred to 
primary breaks, 

4 10-18 
(€ 49) primary breaks 0-09 0-91 


~5 «x 107! 
Since c, and ¢, are likely to be of the same order 
of magnitude : 


C,™~C,~7 x 10-* specific primary breaks/rem 


or 
le 
th 
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1 iia statistics (circles) are taken from Wald (ref. 18) and 
the doses are calculated from Ritchie and Hurst (ref. 22) (sec 
rhe point enclosed in a triangle is calculated from the 
preseat hypothesis (see text) 


On the basis of Lea’s target theory?', this figure is 






ular weight for 
each specific primary break of the order of 10*. This 
reasonable value contrasts with the absurdly small 
target volumes ' 


found to correspond to a target mole 


ircinogenesis and commented on by Brues!?. 


I also apparent that if a tumour required fo 
its Initiation the co-existence of three specific chromo 
(chromatid) breaks in one cell, then for any 
reasonable values of L, c,, c, and ¢c, the chance of a 


wiiogenic tumour arising from doses of the order of 
1,000 rems must be exceedingly small. Thus, if and 
when radiogenic tumours arise from specific modi- 
ons to the chromosome material of a single cell, 
those tumours ar‘ like'y to be observed which 
require two such modifications. (It is possible, 
however, to account for the occurrence of natural 
urs requiring three successive mutations on the 
thesis of clone-growth of mutated cells.) 
lor the point at highest dose in Fig. 6 it can be 


n that equation (7) is a good approximation, 


Lew 


pq *V 


5, N, 1-39 
Therefore, 


10** leukemias per person. 


ea *8xte' - 
Tae x tee ~ OX! 


entailed by the linear theory of 


From Wald’s" statistics and the smooth curve of 
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If, as is probable, » and g are of the same order of 
10-3 lethal hits per cell per 


magnitude, p~q ~ 6 
rem. 

This figure may be compared with the values 
7-2 10 chromatid breaks per cell per r., and 
6 10-* chromosome breaks per cell per r., quoted 
by Lea?! for the production of aberrations in Trades 
cantia microspores by high-energy X-rays. 

The expected incidence-rate for the mid-point in 
Fig. 6 can now be caleulated from the constants 
derived above, if it is assumed that p is not identically 
equal to gq. (Since R here is very large, it is highly 


q) ae To 


> 


probable that in equation (3), R (p 
achieve this it must be assumed, p # q.) Fortunately, 
the value of N, is not critically dependent on p and 
q, and putting p 6 10-3, 4g 5 10-3, we 
obtain 3-6 10-* leukemias per person per year (for 
the years 1950-57), which is in satisfactory agree 
ment with the observed value of 4:3 10-4, 
Finally, the statistics for leukemia incidence 
among American radiologists enable a crude estimate 
of % to be made. It must, however, be emphasized 
that differences (for example, in a 
tributions) between this group and the Hire shima 


ge and sex dis- 
survivors make the value of such a derivation some- 
what dubious. Over the pe riod 1938—52 the 
average death-rate among American radiologists 
from radiogenic leukzmia was 
per 10,000 per annum*. Deaths within the age-rangé 
35-74 years were recorded and the average expecta- 
tion of life was 62 years. Assuming equilibrium con- 
ditions, then for radiologists older than 35 years, 
the total expectation of radiogenic leukzeemia would 
have been approximately (62-35) 4-9 10-4, that 
is, 1-32 10-7. The mean total exposure time to 
radiation was 24-4 years*. Braestrup estimates that 
the typical exposure dose-rate to radiologists working 
under poor protection conditions was about 100 r. 


approximately 4:9 


per annum, corresponding to a dose-rate to the bone 
marrow of 66 rems per annum?**. With the subsequent 
improvement in protection, the marrow dose-rate has 
now fallen to less than 1 rem per annum. Assuming 
that equation (8) is applicable, we may take R to be 
(very roughly) 50 rems perannum. Solving for A, we 
obtain the value 1-;, yr.-!, but since it depends on 
almost the square of the (uncertain) dose-rate, the 
error could, perhaps, amount to one order of mag 
nitude. (This assumes that we are dealing with a 
simple exponential funetion—and this assumption 
might well be false 


Predicted Incidence of Radiogenic Leukemia at 
Low Dose-rates 


It is interesting to apply this hypothesis to the 
incidence of radiogenic leukzemia to be expected from 
background and fall-out radiations. 

Backqround radiation The following assumptions 
are made 

R O-lrem/yr. ¢ 70 vr. 
Le,c, 4-3 x 10 
A 


~ 


2-5 x 10 


— 


‘75 


(In the absence of better information this is taken to 
be constant throughout life, although obviously /, at 
least, will vary considerably.) 

Applying equation (5), N,~ 1-7 10-7. 

Thus, neglecting problems of latent period, in a 
population of 50 million people of average life- 
expectancy 70 years, background radiation may 
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Table | 


Dose-rate assumed 


Radiation (rems/yr.) (yr.) 
Natural background 0-1 70 
Fall-out 0-01 70 
Maximum permissible 

ecupational exposure , th 


The effect of low dose-rate ionizing radiations on radiogenic leukemia incidence in humans 
basis of the linear theory (after Lewis, ref. 3) and (6) by the ‘two-hit’ hypothesis presented here. 


based on present statistics for England and Wales is shown in the last 


induce of the order of ten cases of radiogenic leukemia 
over a 70-yr. period. 

This is exceedingly small compared with the 
natural’ incidence-rate in Great Britain of about 
fifty cases per million persons per annum. It is also 
very small compared with the best predictions made 
with the linear theory. Thus, Lewis* estimates for 
the ‘average’ individual in a population that the 
probability of radiation-induced leukemia is 2 10-* 
per rem per annum. Hence, in a population of 50 
millions, the total number of radiogenic leukzmias 
appearing over a 70-yr. period for a dose-rate to each 
individual of 0-1 rem per annum would be : 


~ 5x 10 2 10-* 0-1 


25,000 (as compared with a possible range of 
1—100 predicted above). 

Fall-out radiation. A dose-rate to the individual 
from internal and external sources of 0-01 rem/yr. 
will be assumed (this is probably in excess of con 
If this is added 


influence of 


smporary dose-rates from fall-out). 
to the normal background, and if the 
other sources of radiation is ignored, the additional 


incidence, AN, of radiogenic leukw#mia is given by : 


Col 
AN, : + (0-112 0-102 
A 
~ 3-6 10 


(According to this hypothesis, AV, depends upon 
the normal background dose-rate.) Thus, in a 
population of 50 million people of average life- 
expectancy 70 years, an increase of the radiation 
background from 0-1 to 0-11 rem/yr. should procluce 
of the order of two additional cases of radiogenic 
leukemia over a 70-yr. period. Lewis’s relationship 
predicts 2,500 cases under these conditions. (Being 
based on a linear theory, this figure is unaffected by 
the level of natural background radiation.) 


Maximum Permissible Occupational Exposure Dose 


In the United Kingdom, the maximum permissible 
life-time dose to the blood-forming organs of radia- 
tion workers is 200 rems. If this dose is spread uni- 
formly over forty working years (R 5 rems/yr.) we 
find from equation (3) that N,~ 2-5 10-* leuk- 
emias per person. Hence, in a population of 4,000, 
exposed for an occupational life-time at the maximum 
permissible dose-rate, we should, according to this 
hypothesis, expect of the order of one radiogenic 
leukemia to be induced. On the basis of Lewis’s*® 


linear relationship, the corresponding figure would be 


Duration of exposure 
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Incidence-rate of radiogenic leukemia 


Present ‘two-hit’ theory 
Possible range 


Linear theory (after 


Lewis, ret. 3) 


. ye = ox 

25,000 1 to 100 | per 50 million persons in 
| 70 years (as compared 

- with nearly 200,000 
» 500 0-2 to 20 ' ith nearl Y 
natural’ cases) 
} ina population of 4,000 
| over a life-time of 
32 0-lto 10 } occupational exposure 

| (as compared with 15 
j 


‘natural’ cases) 

A comparison between predictions made (@) on 
For reference, the ‘natural’ total incidence 
column 


thirty-two cases; at this higher dose-rate the dis- 
parity between the two theories is much narrower. 


Osteogenic Sarcoma 
The available data relating to human osteogenic 
sarcoma are too scanty to enable numerical pre- 
dictions to be made for low dose-rate conditions with 
the present hypothesis. 


Before concluding, it should be mentioned that 
alternative two-break hypotheses can be entertained. 
We can, for example, conceive a model in which 
? 0 and c¢, and c, are functions of dose-rate (R) 
Starting from the same statistics of human radio- 
genic leukemia, the predictions from such a model 
would probably not differ greatly from the predictions 
made here. However, there is no obvious way at 
present of establishing a relation between ¢,, ¢ and 
dose-rate. 

Finally, any plausible alternative to the 
theory is likely to predict a very much lower incidence 
of radiogenic tumours at low doses and low dose 
rates. It is difficult to imagine a realistic hypothesis 
which would lead to predictions intermediate bet ween 
linear (one-hit) and quadratic (two-hit) theories, 
while any ‘threshold’ theory would be likely to 
involve an altogether negligible incidence at dose- 
rates comparable to background. 
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OBITUARIES 


Dr. R. A. Frazer, F.R.S. 


fue news of the death of Dr. R. A. Frazer at his 
home in Ockham on December 10 was received with 
much sadness by his former colleagues at the National 
Physical Laboratory, and particularly by those who 
had had the privilege of working with him or under 
his leadership. His unselfishness, charm, modesty 
and humour made him a most likeable person and 
he will be sadly missed by many friends. His scientific 
ability and distinguished bearing inspired respect in 
all who met him, and his kindliness won the affection 
of all those who had the good fortune to know him 
well 

Dr. Frazer had a brilliant career as a mathematician 
at Cambridge and was a Rayleigh Prizeman. He 
joined the staff of the National Physical Laboratory 
n 1914, his first post being that of assistant secretary 
n administration. After about a year he was trans 
ferred to a group engaged in aerodynamic research in 
the Engineering Division. This group of pioneers in 
aeronautics became the nucleus around which the 


\erodynamics Division was formed a few years later. 
During the first ten years or so of Frazer’s career 
is a research worker, his mathematical talent was 


ut to good use in the study of problems of viscous 
low, but from time to time he took part in other 
nvestigations. Some of the work he did in connexion 
vith full-seale tests on the airship F.38 resulted in 
his winning the #.38 Memorial Prize awarded by the 
Royal Aeronautical Society. 

It was characteristic of him to do everything he 
attempted with great thoroughness, and he was never 
satisfied until he had unravelled all aspects of any 
problem, however complicated, on which he happened 
to be engaged. He had remarkable power for con 
centration and when deeply immersed in a problem 
vould lose all sense of time 

It was not surprising that, when aircraft flutter 
became a serious problem around about 1924, Frazer 
vas asked to investigate what was then a mysterious 
phenomenon. By wind tunnel tests on simple aircraft 
nodels of reduced elasticity, and by analysis, he and 
his co-workers were soon able to obtain a physical 
inderstanding of flutter and to discover methods for 

prevention. With W. J. Duncan as co-author he 
published in 1928 the first flutter monograph, and 
this is now often referred to as the ‘flutter bible’. In 
this book the phenomenon is clearly explained by 
ference to simple systems, and the basic theory for 

prediction of critical speeds for flutter is fully 
‘eveloped. His study of flutter theory led him to 
ke an interest in matrix algebra for the purpose of 


inalysing complicated systems involving many 
legrees of freedom. The outcome of this work was 
written with 
Duncan and Collar as co-authors. This is now 


egarded as a classic on the subject, and it has had a 


profound world-wide influence on the development 
of 


ethods of flutter and vibration analysis and on 


the general theory of aero-elasticity. 


In recognition of his ‘outstanding work he was 


ected a Fellow of the Royal Society in 1946. He 
as also a Fellow of the Royal Aeronautical Society 
and of the Institute of the Aeronautical Sciences, 
and was a member of the Oscillation Sub-Committee 


of the Aeronautical Research Council. Formerly he 
was also a member of the Mechanics Committee. 

Immediately after the Second World War, the 
National Physical Laboratory was asked to investi- 
gate the possibility of wind-excited oscillations of 
suspension bridges, in connexion with the proposal 
to erect suspension bridges across the Severn and the 
Forth. It was feared that, like the Tacoma bridge, 
these bridges would fail unless they were properly 
designed to avoid such instability. Again it was Dr. 
Frazer who took responsibility for the investigation. 
With the assistance of C. Scruton and other members 
of the Division, he designed and made a 50-ft. long 
reduced elasticity model for testing in a specially 
erected wind tunnel at Thurleigh. In due course they 
were able to reproduce on the model the kind of 
oscillation that destroyed the Tacoma bridge and 
show how it could be avoided by suitable design. 
As a result of their investigations they were able to 
propose a design for the Severn and Forth Suspension 
Bridges which was not prone to instability in the 
strongest winds. A bridge to this design is now being 
built over the Firth of Forth. 

Outside his work, Dr. Frazer had many interests. 
In his younger days he was a keen mountaineer and 
enjoyed nothing better than climbing in the Alps, 
the Lake District and North Wales. He was also a 
member of Oxford University Expeditions to Spits- 
bergen in 1921, 1923 and 1924. In later years his 
main interest was gardening. When he retired in 
1954 after forty years service, everyone hoped that 
he would have good health to enjoy a long and happy 
retirement with his family, but this was not to be. 

Dr. Frazer's name will live long in aeronautical 
history, and he will always be remembered with 
esteem and affection by many friends who feel the 
deepest sympathy with his wife and family in their 
hereavement. W. P. JonEs 


Prof. Anrezej Soltan 


THe death has been announced of Dr. Anrezej 
Soltan, director of the Polish Institute of Nuclear 
Research since 1955. Born in 1897, Dr. Soltan was a 
member of the Scientific Council, Joint Institute for 
Nuclear Research, Dubna, U.S.S.R., a member of the 
Polish Academy of Sciences, and he held the position 
of chairman of the Central Administration of the 
Polish Physical Society during 1952-54. 

Soltan was educated at the University of Warsaw 
and earried out scientific work in France during 
1927-28 and in the United States during 1932-33. 
His publications cover the fields of spectroscopy, 
physical chemistry of hydrogen and mercury vapour, 
the interaction of fast neutrons with atomic nuclei 
and the isomeric radioisotope of bromine. 

After the War he became professor at Lodz Poly- 
technic (1945-47), returning to the University of 
Warsaw as professor of experimental physics (1947 
48) and then as professor of atomic physics. 

Dr. Soltan was a delegate at the Second Inter- 
national Conference on the Peaceful Uses of Atomic 
Energy at Geneva in 1958 and was a member of 
the State Council for the Peaceful Uses of Nuclear 
Energy. 
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NEWS and VIEWS 


The Agricultural Research Council : 
Sir William K. Slater, K.B.E., F.R.S. 


Srrk Wit11AM SLATER will be retiring on June 30 
from the secretaryship of the Agricultural Research 
Council, a post which he has filled with great distinc- 
tion during the past eleven years. On graduating in 
chemistry at the University of Manchester, Sir 
William did research under Prof. Lapworth and for 
three years he was an assistant lecturer in the Univer 
After two years in industry, he joined Prof 
\. V. Hill at Manchester to assist in his work on 
musele physiology. In 1923 he was awarded a Beit 
Memorial research fellowship and worked in the 
Department of Biochemistry of University College, 
London, under Sir Jack Drummond, where he 
developed a pioneer line of research on the biochemis 
try and physiology of insects, particularly anaero- 
biosis. In 1928 he went to Dartington Hall as 
scientific adviser to the trustees. Afterwards, he 
took charge of the agricultural and rural development 
on the estate and established a Jaboratory for applied 
research, In 1943, Sir William joined the staff of the 
Ministry of Agriculture, Fisheries and Food as secre 
tary of the Agricultural Improvement Council for 
England and Wales, which had just been set up 
He became responsible for the deve lopment of that 
Council’s work, and had much to do with fostering 
the close relationship which exists between it and the 
Agricultural Research Council. Later, he became in 
addition senior advisory officer, responsible for setting 
up the specialist scientific section of the National 
Agricultural Advisory Service. This broad experience 
qualified Sir William well for the post of secretary 
ot the Agricultural Research Council to which he was 
During his term of office he has 


sity. 


appointed in 1949. 
brought to a successful conclusion a ten-year post- 
war programme for the development of agricultural 
research approved by the Cabinet in 1945. In 
1947-48 the amount spent by the State on agricultural 
research was of the order of one million pounds ; 
to-day it amounts to about six million pounds. New 
institutes have been created and existing ones have 
Links with universities have been 
the establishment of a number of 
The Council has 


been expanded. 
strengthened by 
units in university departments. 
indeed been fortunate in having the services of Sir 
William Slater over this period, and his wise guidance: 
and never-failing patience will be missed 


Prof. E. G. Cox, F.R.S 

Pror. Ernest Gorpown Cox, who will be succeeding 
Sir Wiliam Slater as secretary of the Agricultural 
Research Council on July 1, 1960, comes originally 
from Somerset He was born at Bath in 1906 and 
educated at the City of Bath Boys’ School and the 
University of Bristol, from which he graduated with 
first-class honours in physics in 1927. From Bristol 
he went as research assistant to Sir William Bragg 
at the Royal Institution during 1927-29 and there 


began the series of researches which transformed his 
formal field of interest from physics to chemistry. 
During 1929-45 he held appointments in the Depart- 
ment of Chemistry of the University of Birmingham, 
and in 1945 was appointed professor of inorganic 
and physical chemistry at the University of Leeds ; 


his title was changed in 1953 to professor of inorganic 
and structural chemistry in a perhaps hopeless 
attempt to define more precisely the many-sied 
implications of his researches. He was cone of tly 
first to apply X-ray methods to solve problems in 
the stereochemistry of metal co-ordination corm 
pounds. But he has also made many contributions 
in organic chemistry, from his early work on «-chitos 
amine hydrochloride and hydrobromide, which 
established, by direct X-ray analysis, the existenc 
and form of the pyranose ring in sugars, to his lat«st, 
very accurate, studies, with D. W. J. Cruikshank and 
others, of the electron distribution in benzem 
In recent years his School of Chemistry has mick 
Leeds an international centre to be visited |} | 
interested in exact X-ray analysis. At the e 
time he has had much to do with problems of organiza 
tion and administration, first in war research 
later, in Leeds City and University; for the las 
three years, as chairman of the X-ray Analysis 
Group, he has been concerned with the practical 
applications of X-ray methods in many differen 
fields. His variety of experience and knowledge, 
his own personal interest 
(he is a serious amateur botanist and ornithologist) 


in agricultural problems 
and his generous spirit should be of the greates 
in guiding agricultural] research. 


Prof. J. K. Page 


present lecturer in en a 
Department of Building 


Building Science at Sheffield : 


Mr. J. K. PaGE, at 
mental physics in the 
Science of the University of Liverpool, has been 
appointed to the newly created chair of bu ng 
science in the University of Sheffield. Mr. Pag as 
educated at Haileybury College and the Uni ty 


of Cambridge, where he gained first-class hono in 
Part I of the Natural Sciences Tripos. After gradua 
tion, Mr. Page held a temporary appointment with 
the Council of Industrial Design, where he : ed 
with plans for the Festival of Britain. After teaching 


at Westminster School for two years he to 
appointment as senior scient ifie officer in the ¢ 
Liaison Section at the Building Research St 
During this appointment Mr. Page travelled « 
sively in West Africa, America and the West Indies 
After a period as chief research officer of the Nuffield 
Foundation Division of Architectural Studies, M1: 
Page was appointed to his present post in th 
University of Liverpool in 1957. 


Royal Astronomical Society Awards 


AwWarps of medals have been made to the following 
by the President and Council of the Royal Astr 
nomical Society : Gold Medal to ProfeV. A. Ambart 
sumian, president of the Academy of Sciences and 
director of the Byurakan Observatory, Armenia, fo 
his numerous important contributions to both 
theoretical and observational astronomy ; Eddi to) 
Medal to Dr. R. d’Escourt Atkinson, deputy clef 
scientific officer at the Royal Greenwich Observatory. 
for his pioneering papers on atomic synthesis and 
stellar energy ; Jackson Gwilt Medal and Gift to Mr 
F. Malne Bateson, of Cook Islands, and Mr. A. I. A 
Lofley Jones, of Timaru, New Zealand, for their 
work on variable stars in the southern hemisphere 


* 


wee 





cl 


al 


ol 
m 
q 
di 
m 


be 





nh 


— January 16, 1960 


British Association: Installation of President 

Tur installation on January 8 of Sir George 
Thomson as president of the British Association for 
1960 (see Nature, 184, 151; 1959) marked the close 
of a year of increasing activity and encouraging and 
significant developments. The lecture service, in its 
infancy in January 1959, is now well under way. 
Some 500 scientists have agreed to give lectures, and 
their audiences run into five figures—arcivid 22,000 
adults from trade unions, rotary clubs, women’s 
institutes and chambers of commerce, and 32,000 
children from all types of schools. The three pioneer 
area committees of 1958 have been joined by twelve 
more; the last of these, in York, is a direct follow-up 
of the recent annual meeting there. The decision to 
make a number of fundamental changes in the 
quarterly journal of the Association was also taken 
during the past year. From May 1960 The Advance- 
ment of Science, in a completely revised format, will 
be published six times a year, instead of four. Though 
still containing papers delivered at the annual 
meeting, the journal will include much new material, 
and will be of an essentially non-specialist character, 
aimed to appeal to scientists working in other fields, 
students and sixth forms in the schools, and laymen 
who are anxious to understand something of the 
significance of scientific research and development. 
The wide potential circulation of such a journal 
should make it a powerful weapon in the Association’s 
campaign. ‘ 
Nuclear Energy Conferences and Symposia in 1960 

Tue International Atomic Energy Agency, Vienna, 
has issued a provisional schedule of meetings to be 
organized in 1960. One large conference will deal 
with Radioisotopes in Physical Sciences and Industry 
and will probably be held at the end of August. The 
last major isotope conference, apart from the sessions 
levoted to this subject at the Geneva Atoms for 
Peace Conference :n September 1958, was organized 
in Paris in September 1957 by Unesco, which will 
co-operate in the 1960 isotope conference. Another 


scientific conference will deal with problems of 
medium and small-size reactors and is planned for 
the beginning of September in Vienna with the 
expected participation of the United Nations. The 


tentative list of symposia to which invitations will 
be extended to all the Agency’s Member States is as 


follows: (1) Fuel Element Fabrication with Special 
Emphasis on Cladding Materials (May 3-6, in 
Vienna); (2) Radiation Dosimetry in Physical 


Seiences (June 7-13, in Vienna); (3) Effects of 
Ionizing Radiation on Seeds and its Significance on 


Crop Improvement (probably in Karlsruhe, August 
5-12, in co-operation with the Food and Agriculture 
Organization) ; (4) Inelastic Scattering of Neutrons in 
Solids and Liquids (October 11—14, in Vienna) ; (5) 
Neutron Pile Research (October 17-21, in Vienna) ; 
6) Chemical Effects of Nuclear Transformation 
October 24-27); (7) Nuclear Ship Propulsion with 





Sp | Reference to Safety (mid-November; the 
arrangements will be worked out in consultation with 
the International Maritime Consultative Organiza- 
tion); (8) Experimental and Test Reactors (Novem- 
ber 28-December 2, in Vienna) ; (9) Pest Control by 
Radiation (probably in India in December, in co- 
operation with the Fogd and Agriculture Organiza- 
tion); (10) Use of Radioisotopes in the Study of 
Endemic and Tropical Diseases (in the Far East at 
the end of November or beginning of December, in 


NATURE 145 


co-operation with the World Health Organization) ; 
(11) Education and Nuclear Energy (probably in 
Argentina at the end of the year or beginning of 
1961, in co-operation with Unesco). 


Scientific Man-power in Britain 

In an article, “The Statistics of Scientific Man- 
power’, in the January 7 issue of Education, Sir Solly 
Zuckerman points out that the figures since published 
by the Scientific Man-power Committee, which were 
not available to Prof. J. Jewkes when he presented 
his analysis of the marked shortage of scientists 
before Section F (Economics) of the British Associa- 
tion at York last September, indicate that the 
conclusion drawn by Prof. Jewkes is wide of the 
mark. Graduates in pure science from British 
universities during 1956-59 numbered only 15,500, 
and not 18,000 as he stated, and even taking into 
account about 800 scientists, not considered by Prof. 
Jewkes, who were admitted to membership of the 
Royal Institute of Chemistry or the Institute of 
Physics on the strength of qualifications other than 
a university degree, when allowance is made for those 
who returned to their homes overseas or took up 
employment abroad (about 500) and for the 5,000 
needed to replace losses, we are left with about 
10,800 to satisfy any net increase in demand expected 
between 1956 and 1959 (11,700 in the 1956 estimate). 

The Scientific Man power Committee’s recent report 
also shows that there were still about 4,000 vacancies 
at the beginning of 1959. The new estimates made 
by employers themselves of the number of scientists 
they will require by 1962 suggest that the general 
market shortage of scientists is still likely to be about 
2,000 in 1962. Commenting further on Prof. Jewkes’s 
‘working rule’ that employers know best about their 
future requirements, Prof. Zuckerman also points out 
that the demand between 1956 and 1959 rose much 
more sharply than employers anticipated, and that 
in practically no branch of industry did action follow 
intention. We have still far to go before we need be 
unduly concerned about the exhortatory character 
of Prof. Jewkes’s concept of ‘unmet need’; but the 
Scientific Man-power Committee would certainly 
agree wholeheartedly with him that the criteria now 
available for estimating how many scientists and 
technologists will be needed in the long-term are 
very crude and urgently need to be refined. 


Computation and Automatic Control 

Atv the annual general meeting of the British 
Group for Computation and Automatic Control of 
the British Conference on Automation and Com- 
putation, held on December 17, 1959, the Executive 
Committee was reconstituted for 1960 as follows: 
chairman, Mr. J. F. Coales; vice-chairmen, Mr. R. 
Hindle and Mr. H. W..G. Gearing; honorary 
treasurer, Mr. S. M. Rix; honorary secretary, Mr. 
Ww. Bamford ; me mbe rs, Dr. A. D. Booth, Mr. N. 
Clarke, Mr. E. C. Clear Hill, Mr. W. C. F. Hessenberg, 
Mr. N. CG. Pollock, and Prof. E. J. Richards. Groups 
A and B have undertaken the sponsoring of the 
British contribution to the First Congress of the 
International Federation of Automatic Control 
which is being held in Moscow during June 27—July 6. 
Further details can be obtained from the Honorary 
Secretary, Group B. Arrangements are being made 
also for a British Convention on this subject to be 
held in London in September, and further information 


can be obtained from the Honorary Secretary, 
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Group A. The address of both honorary secretaries 
is, the British Conference on Automation and 
Computation, c/o Institution of Electrical Engin 
eering, Savoy Place, London, W.C.2. 


Post Office Engineering-Apprenticeship Scheme 
It was announced in Parliament by Miss Mervyn 
Pike, Assistant Postmaster General, that the Post 
Office is engaged in an expanding nation-wide pro- 
gramme of mechanization and automation. To 
enable it to carry this through, men will be required 
to train for key engineering-posts. A scheme is being 
launched under which university training or a 
diploma in technology course at a college of advanced 
will be guaranteed to about twenty 
students. During the student apprenticeship, in- 
cluding the time of attendance at university or 
college, salaries will be paid according to age, and 
varying from £270 per annum at seventeen to £430 
at twenty-one and over. Student apprentices will be 
selected from young men of British nationality who 
are between the ages of seventeen and twenty on 
June 1 in the year when apprenticeship starts. The 
university or college studies will start in September 
October of the year after apprenticeship begins. The 
student apprenticeship will last 4} years, except in 
Scotland and Northern Ireland, where it will be 
slightly longer to allow for the duration of university 
courses. Further information can be obtained from 
the Engineering Chief (0.51), Post Office Engineering 
Department, 2-12 Gresham Street, London, E.C.2. 
Applications for 1960 must be submitted by February 


technology 


26. 
National Science Foundation : Science Faculty and 
Senior Postdoctoral Fellowship Awards for 1960 
THe National Science Foundation has 


285 Science Faculty Fellowships in the 
the fiscal] year 1960. These fellow ships are offered as 


awarded 


sciences tor 


a means of improving the teaching of science, mathe 
American and 


and engineering in colleges 
universities, and their primary purpose is to provide 


and university 


matics 


an opportunity for college scrence 


teachers to improve their work as teachers. Can 
didates must have a first degree or its equivalent, 
demonstrated ability and special aptitude for science 
teaching and advanced training, and three years of 
full-time science teaching at the college-level. There 
were 762 applicants from all parts of the United 
States and its territories. 

The Foundation has also announced the award of 
75 Senior Postdoctoral Fellowships in the sciences 
for the fiscal year 1960, selected from 259 applicants 
These Fellowships were awarded to 
demonstrated ability and special aptitude for pro- 
ductive scholarship in the sciences. Twenty-eight 
awards were made in the life sciences, and forty-seven 


scientists of 


in the physical sciences. 


High Mach Number Air-breathing Machines 


THe Combustion and Propulsion Panel of the 
Advisory Group for Aeronautical Research and 
Development, North Atlantic Treaty Organization, 
will hold its fourth Milan during 
April 4-9. The meeting will be devoted to discussions 
on “High Mach Number Air-breathing Engines’’. 
The opening session will consist of a round-table dis- 
cussion on “The Future of Air-breathing Engines” 
Germany, Italy, the United 


colloquium m 


Invited papers from 


Kingdom and the United States will deal with: (1) 


NATURE 


January 16, 1960 vox 195 


performance and applications, (2) hypersonic inlet 
studies, (3) supersonic combustion and detonation, 
(4) nozzle flow with chemical reactions, (5) rotating 
machinery, and (6) high-temperature material prob- 
lems. Although the meeting is unclassified from a 
security point of view, attendance is limited to those 
who are authorized to attend by either the Group 
national delegates, or by members of the Combustion 
and Propulsion Panel. 


Ford Foundation Grant to Cern 


THe European Organization for Nuclear Research 
has received from the Ford Foundation a grant 
amounting to five hundred thousand dollars to cover 
a period of four years. The facilities available at 
Cern now consist of two big particle accelerators. 
a 600 MeV. synchrocyclotron and a 28,000 MeV. 
proton synchrotron. The latter, the most powerful 
of its type in the world, has recently started operat ing 
with outstanding success. This grant follows a 
previous one of four hundred thousand dollars 
contributed by the Foundation in 1956 to cover 
similar expenses during four years. 


Announcements 


Ir is announced that Cornelius Lanczos, 
professor in the School of Theoretical Physics at 
Dublin Institute for Advanced Studies, has recently 
been awarded the Chauvenet Prize by the Mathe 
matical Association of America for an article entitled 
“General Theory of Linear Differential Operators 
This article is to form the last chapter of a book 
which is to be published by Van Nostrand, entitled 

Linear Differential Operators”, by Prof. Lanczos. 


semor 


Mr. P. N. Harvey has been appointed farm director 
at Gleadthorpe Experimental Husbandry Farm, 
Notts., of the Ministry of Agriculture, Fisheries and 
Food, in succession to Mr. P. J. Jones, who has been 
transferred to Bridget’s Husbandry 


Farm. 


Experimental 


Pror. MICHAEL POLANYI, emeritus professor of 
social studies in the University of Manchester, will 
1960 Eddington Memorial Lecture in Cam 
bridge at the Arts School Lecture Theatre, Bene't 
Street, on February 16, at 5 p.m. The title of his 
lecture is ““Beyond Nihilism’’. 


give the 


THe McCrone Associates of the United States ar 
sponsoring a National Microscopy Symposium which 
will be held at the Del Prado Hotel in Chicago during 
June 13-15. The Symposium will cover (1) Instru 
mentation, (2) Methods and Techniques, and (3) 
Applications. Further information can be obtained 
from Walter C. McCrone Associates, 501 East 32nd 
Street, Chicago 16, Illinois. 

Nos. 7, 8 and 9 of the Bibliography of Scientific 
Publications of South and South-East Asia, for July. 
August and September 1959, respectively, compiled 
jointly by Unesco Science Co-operation Offices for 
South and South-East Asia and published by Insdoe, 
National Physical Laboratory, New Delhi, contain a 
further 1,660 classified entries, together with author 
index, and the August issue includes also the Index 


to Vol. 4 (1958). 


Erratum. In the communication entitled “Isola 
tion of 2-Aminoethane Phosphonic Acid from Rumen 
Protozoa’, by M. Horiguchi and M. Kandatsu, in 
Nature of September 19, p. 901, Fig. 1 has unfort 
unately been inverted. 
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THE WILDFOWL TRUST 


describes the administrative activities of the 
staff, the state of the accounts (satisfactory), the 
growth in membership (from 5,094 in 1957 to 5,320 


. pe report* of the Wildfowl Trust for 1957-58 


in 1958), the work of scientific members of staff 


during the year, as well as investigations and 
observations of wildfowl by many well-known cor- 
respondents throughout the world. One of the latter 
is an interesting account by Eric Fabricius, of the 
University of Stockholm, of the mechanisms which 
make plumage waterproof. Fabricius found that 
ducklings of several species lost their waterproofing 
on a diet consisting of raw crushed fish, and regained 
it on a diet of insects ; even in specimens that had 
lost their waterproofing there were indications that 
the oil gland was functioning. 

The oil gland was removed from fourteen young 
tufted ducks just after hatching, while their down 
feathers were still enclosed in their isolating horny 
sheaths. After bursting of these sheaths and the full 
development of the down, the plumage was as repel- 
lent to water as that of the normal conirol birds, 
indicating that it is not the secretion of the oil gland 
which makes the plumage waterproof. 

Operated and normal control birds alike lost their 
waterproof ng when subjected to contact with 
smearing substances. In this condition the barbules 
of the down feathers were disarranged, sticking 
together in groups, between which were irregular 
spaces. The normal waterproofing was gradually 
restored if the birds were allowed to preen. Plumage 
remains water-repellent when birds feed on insects 
because insects are dry and clean. Plumage even 
remains water-repellent on a diet of fish, provided 
that the pieces of fish are only given to the birds 
while these are swimming in clean water. The 
preening consists of a number of stereotyped move- 
ments. The nibbling type of preening movements, 
in particular, aid in maintaining the barbules in a 
state which makes the plumage repellent to water. 
These findings confirm the view of Marsden that the 
large amount of finely distributed air among the 
ramifications of the feathers is the principal factor 
n the water-repellency of plumage. 

° r nth Annual Report of the Wildfowl Trust, 1957-1958. Edited 


y Peter Scott and Hugh Boyd. Pp. 184+432 plates. (Slimbridge, 
ilos.: The Wildfowl Trust, 1959.) 10s. net. 


The causes of death of birds at Slimbridge during 
1955-57 have been analysed by A. R. Jennings, of 
the University of Cambridge. Of the 680 birds 
examined, the largest number of deaths were due to 
the high incidence of acute pulmonary congestion 
and pneumonia among very young birds. Sudden 
lowering of the air temperature often associated with 
heavy rainfall brings about this pulmonary syndrome, 
which is often referred to as ‘chilling’. This type of 
acute respiratory disease is a common cause of high 
mortality in free-living species, and the same con- 
ditions seem to apply even under conditions of semi- 
captivity. The changes at post-mortem are quite 
typical and comprise acute congestion and cedema of 
the lungs, an enlarged gall bladder full of viscous 
bile and usually an unabsorbed yolk sac. In all, 138 
birds died from various infections. Aspergillosis was 
the most frequent with 117 cases, the predilection 
sites for the fungus being the lungs and air sacs. The 
lesions were usually typical fungal granulomata, but 
in some birds there was an, acute diffuse pneumonia. 
Tuberculosis was the next most common disease, and 
eight cases were seen. 

One of the main objectives of the research pro 
gramme at Slimbridge has been to obtain a better 
understanding of the taxonomy of the Anatidz. All 
the work has now been surveyed by Dr. G. U. T. 
Matthews, the assistant director of the Trust, who 
shows that a whole variety of techniques are open to 
the modern taxonomist. Many of these techniques 
are incapable of assessing relationships below the 
family level and are only of passing interest when 
concerned with relationships within a family. It is 
beginning to appear that the Anatida is an unusually 
homogeneous and closely knit family. 

What makes the report outstanding, of course, is 
the revealed and hidden imprint of Peter Scott, the 
director. His sketches lose none of their attractive- 
ness with the years; they may even excite more 
interest as they become more audacious. The many 
photographs are included only if they illustrate the 
work of the Trust and do so with adornment ; not one 
of them is below standard. With a report of such high 
quality it is to be hoped that the activities of the 
Inland Revenue authorities may not, as is feared, 
lead to the production of future reports in an 
attenuated form. 


DAIRY RESEARCH IN SCOTLAND 


7 recent triennial report of the Hannah Dairy 
Research Institute* gives a clear picture of the 
expansion of the Institute’s activities in the past 
three years. New laboratories have been built, and 
greatly increased facilities have been added to those 
formerly available for metabolic studies. The work 
reported continues to reflect the aims defined when 
the Institute was founded some thirty years ago. 
Among several important additions to the Institute 
8 a splendidly equipped climatic laboratory. This 


Report for the Three Years 


*Hannah Dairy Research Institute. 
ended March 31, 195 


9. Pp. 52. 


has been constructed, with capital provided by the 
Colonial Office, and is being used for studies on the 
effect of climate on the physiology of cattle. The 
laboratory includes a room in which a cow or steer 
can be maintained at any temperature from 0° to 
60° C. within 0-1° C., and at a relative humidity 
within 1 per cent over a wide range. A second 
room houses four cattle with slightly less critical 
control of environment. Metabolism houses have also 
been constructed for sheep and cattle. These contain 
six new closed-circuit respiration chambers for sheep 
and one for cattle, and provision is also made for 
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twenty-four sheep metabolism cages. With their 
unique equipment and instrumentation the climatic 
and metabolism buildings are a notable example of 
collaboration between biologists, physicists and 
engineers. 

The Grass and Dairy Husbandry Department has 
continued its investigation of the intensive manage- 
ment of a largely grassland dairy farm. Purchases 
of fertilizer rather than concentrates continue to 
show a high return, and the Ayrshire herd averaged 
800 gallons a year with one cow per 1-8 acre. The 
choice of forage species and strains, coupled with suit- 
able management and fertilizer treatments, is being 
studied in extensive plot and feeding experiments. In 
the Biochemistry Department fundamental studies are 
in progress concerning the chemistry of milk protein 
and the vitamins and enzymes of milk. Attention 
has been given to factors influencing the important 
riboflavin and vitamin A components of milk, to 
the synthesis of lysine in the rumen and to the 
effect of thyrotropin and growth hormone on milk 
yield. 

The construction of new equipment has not pre- 
vented the Nutrition Department from continuing 
its important studies on energy metabolism. These 
have shown that above the maintenance-level the 
utilization of mixtures of volatile fatty acids by sheep 
decreases with decreasing chain-length, being as low 
as 30 per cent with some mixtures rich in acetic acid. 
In ruminants almost all dietary carbohydrate is 
absorbed as these short-chain acids, and world-wide 
interest has been aroused by this first step in the 
reconciliation of classical energy studies with recent 
developments in ruminant nutrition. 

Other work with sheep has been concerned with 
the effects of environmental temperature and clipped 
fleeces on energy metabolism, the influence of the 
physical state of roughages on their net energy and 
the role of vitamin E in muscular disease. Cow- 
feeding experiments suggested that the allowance of 
concentrates per gallon of milk should increase at 
higher yields. 

The Physiology Department is concerned with the 
physiological responses of cattle to climatic stress. 
While aimed at the improvement of cattle pro- 
ductivity in hot countries, this work must also pro- 
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vide fundamental information of value in studies on 
housing in Britain. Two small chambers have been 
used for investigating the physiology of panting; 
the thermal stimulus to panting was found to be 
effective, in calves, only on the skin or upper respira. 
tory tract. The ability to reduce tidal volume with 
increasing thermal] stress appeared to be associated 
with high heat-tolerance as indicated by rectal 
temperature. 

The validity of rectal as a measure of deep body 
temperature, the effects of heat stress on the blood and 
the role of the skin in loss of heat were also investi- 
gated. Important studies on the rate of acclimatiza- 
tion of calves to heat are now being extended to cows. 

The Department of Veterinary Pathology studies 
beth practical and applied aspects of mastitis. Histo- 
logical examination of udders from infected cows, 
the incidence on farms of different types of mastitis 
and the relationship between the Whiteside test and 
cell counts have all been considered. 

The Bacteriology Department has been largely 
concerned with the important coli-aerogenes bacteria 
of milk and with the application of the coliform test. 
Demand for sterilized milk in cities has prompted 
investigation of the spore-forming bacteria of such 
milk and of tests for effective ‘sterilization’. 

Many practical aspects are also dealt with by the 
Department of Technical Chemistry. Welcome col- 
laborative studies are reported on the accuracy of 
various analytical methods for milk, and these have 


led to revision of the formula for the calculation of . 


solids-not-fat content by means of the lactometer. 
Feeding trials indicated that with spring grazing the 
usual increase in milk protein is probably due more 
to an improved plane of nutrition than to an increase 
in any particular component of grass. Long-term 
studies have dealt with factors influencing the coagu- 
lation of casein, a problem in the manufacture of 
dairy products, and with the production, preservation 
and storage of dried milk. A new system was 
developed for the fractionation of the carbohydrates 
of roughages. 

Readers of this report are provided with a ready 
reference to more detailed information by the liberal 
inclusion of relevant reprint numbers. 

C. C. Batcu 


CORRELATION OF AUDIO-FREQUENCY ELECTROMAGNETIC 
RADIATION WITH AURORAL ZONE MICROPULSATIONS 


By Dr. J. AARONS 


Electronics Research Directorate, Air Force Cambridge Research Center 


AND 


G. GUSTAFSSON and A. EGELAND 


Kiruna Geophysical Observatory 


URING three periods of approximately one 

month each, continuous recordings were taken 
of the electromagnetic energy in the spectrum region 
of 10c.p.s. to 10 ke.p.s. The detection equipment was 
a 10-m. vertical antenna, a swept frequency battery- 
operated spectrum analyser and a recording milli- 
ammeter. The frequency analyser had two ranges ; it 
first swept through its lower range of 10-1,000 c.p.s., 


with a 1 e.p.s. band-width. A second sweep was then 
initiated to go from 500 ¢.p.s. to 10 ke.p.s. with a 
40-c.p.s. band-width. A total time for a complete 
recording of both of the sweeps was 32-8 min. The 
equipment was housed at an isolated area about 
2 km. from the nearest 50 c.p.s. power line. An 
example of the registration of the higher-frequency 
range is given in Fig. 1. 
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Fig. 1. Recording of the electromagnetic radiation of December 
5, 1828 to 1839 M.E.T., 1958, in the frequency range 0-5-10 ke./s. 


The aim of the programme carried out near 
the Kiruna Geophysical Observatory, Sweden 
(geographic co-ord., 67:8° N., 20-4° E.; geo- 
magnetic co-ord., 65°3° N., 115-5° E.), was two- 
fold, namely: (1) to investigate changes in the 
background signal-level; (2) detect emission or 
absorption of energy at the gyro-frequency of solar 
terrestrial ions. 

Several magnetically disturbed periods occurred 
during the measurement periods October 12—Novem- 
ber 11, 1958, December 12, 1958—January 11, 1959, 
and April 15—-May 14, 1959. On eleven occasions 
electromagnetic radiations associated with micro- 
pulsations of the Earth’s magnetic field were detected. 
Two distinct frequency-banes were identified in this 
low-frequency emission. The lower-frequency emis- 
sion, in the range 0-5-1-4 kce./s., has been mentioned 
by Egeland! as “noise’’ during aurora, while the 
higher-frequency emission, in the range 1 -8—4-5 ke./s., 
was identified by Watts* as “‘hiss’’. For the lower- 
frequency emission very little results have hitherto 
been obtained. 

Fig. 2 is a spectrum analysis of the signal received 
on December 5, 1958. For 13 hr. from 0701 to 2010 
M.E.T. a distinct signal was seen in one or both of 
the two bands. Since the results are recorded in the 
form of a spectrogram, only the frequency variations 
are shown here. The cross at the centre of each 
sweep denotes the frequency of maximum intensity, 
while the length of line indicates the frequency-width 
of the emission above that of the background signals. 
For these sweeps the ‘hiss’ signals maxima varied 
from 2-3 to 3-4 ke./s. By contrast, the lower- 
frequency emissions do not vary more than + or 

150 ¢.p.s. around 750 c.p.s. The band-width of 
the lower-frequency emissions is less than that of the 
upper band, as can be seen on the spectrograms in 
Fig. 2. The error of reading and the band-width of 
the equipment lead to a value of + or — 100 ¢.p.s. 
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for the accuracy of the measurements. Thus, while 
the lower-frequency band remained fixed in frequency 
the ‘hiss’ emissions varied. The amplitudes of each 
of the bands fluctuated from sweep to sweep during 
every disturbed period. 

In all the eleven observed periods of emissions, 
micropulsations of the magnetic field were shown on 
the Kiruna magnetograms. The micropulsations seen 
in the auroral zone show periods of the order of 
0-5-5 min. and meximum displacement of 50 y. 
These do not occur during the largest deflexions of 
the magnetic storms. In four of the longer periods 
of radiation detected, the low-frequency emissions 
occurred between two phases of a magnetic storm 
when micropulsations were present. 

The Kiruna magnetogram for December 5 is shown 
in Fig. 3. A tracing of the outlines of six consecutive 
recordings during the December period is shown in 
Fig. 4. The time of duration of each tracing is about 
10 min. The low-frequency tracing is not included, 
and therefore there is a gap of 23 min. between the 
recordings. The dotted line is the no-signal receiver 
noise line. The curvature of the zero line is due to 
equipment parameters. The vertical amplitude scale 
is logarithmic. The signals are at best of extremely 
low amplitude, rarely exceeding 5 uV. from the 
antenna. 

The ‘hiss’ signals received have been observed 
before, but at lower latitudes. Watts? observed 
‘hiss’ for 12 hr. at a site near Boulder, Colorado. The 
duration of our longest period recorded is somewhat 
longer than this. The presence of so many examples 
of this low-frequency emission during the short period 
of recordings indicates its prevalence in the auroral 
zone during periods of magnetic activity of the 
micropulsation types. 
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Fig. 2. A spectrogram of the signal received on December 


5, 0701 to 2010 M.E.T., 1958. The length of line indicates the 
frequency-width. The cross on each line denotes the frequency 
of maximum intensity 
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Fig. 3. The horizontal component of the geomagnetic field at Kiruna 
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Fig. 4. Tracing of the outlines of six consecutive recordings of the December period 1958 


One reason for being able to detect the signal is 
the low background-level of noise at the remote site 
and the low signal-level from atmospherics at Kiruna. 
Analysis of the three-months period (to be described 
in another publication) indicates that the normal 
diurnal variations of the atmospherics were not cor- 
related with magnetic disturbances described in this 
article. 

The lower-frequency emissions are of greater 
interest than the upper band principally because 
they lie for the most part near 750 c.p.s., the gyro- 
frequency of protons in the Kiruna area at an altitude 
of 100 km. Table 1 shows the gyro-frequency for 
protons in Kiruna as a function of altitude, cal- 
culated from the formula : 


eH 


fu = 2 mme 


Fig. 2 demonstrates the stability of the lower- 
frequency emissions. However, on May 5, 1959, an 
emission band centred at | ke./s. was detected. In 
subsequent sweeps the single band began to split into 
two bands with the lower one slightly above | kc./s. 
and the upper band moving to 
2 ke./s. Tracings of the signal are 
seen in Fig. 5. If the May 5 case is 
another example of ‘hiss’ developing 
into two bands it does not mitigate 


No1 
kes 3 2 1 


the case for proton radiation. How- 
ever, it may well be that the lower- 
frequency band is a component of 
Only additional experi- 
mental evidence will determine this. 
The largest part of the data shows 


the ‘hiss’. 








The lower-frequency sweep has 
not as high a sensitivity as the 
higher one. The results from this 
channel indicate, however, that 
the 750 ¢.p.s. emission is relatively 
wide in spectrum. A sharply 
defined signal would have increased 
the level considerably in the lower- 
frequency sweep. It increased it 
only slightly. 

The origin of low-frequency emis- 
sions has been discussed by various 
authors who have widely differing 
ideas. Ellis* states that Cerenkov 
radiation is the probable cause of 
4—5 ke./s. auroral signals, Gallet* 
and Gallet and Helliwell® base their 
theory on an analogy to travelling- 
wave-tube amplifiers with modi- 
fications to suit the solar—terres- 
trial parameters and Aarons® compares the gas dis- 
charge mechanism with the aurora. Discussions of the 
possibility of detecting the protons and the other ions 
by the emissions is also discussed by Aarons. 


Table 1 
Altitude Kiruna 
0 km. 794 « 
60 km. 771 c./s. 
100 km. 755 c./s. 


200 km. 718 c./s. 


The evidence in this article is rather clear. There 
are excellent correlations between the auroral zone 
micropulsations and the radiation in the audio- 
frequency band. Two distinct frequency bands have 
appeared on 12 per cent of the days for which results 
were obtained. This is a lower limit since on several 
days when the sensitivity was low, emissions were 
not detected. The upper-frequency band is ‘hiss’. 
It varies in frequency throughout the recording 
period. 


No 2 





signals near 750 c.p.s. with rela- 


tively small changes in frequency. Fig. 5. Tracing of the outlines of three consecutive recordings of the May period 1959 


— 
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The lower band at 750 c¢.p.s. for almost all 
the cases is steadier in frequency. Its spectral 
location indicates that it may well be radiation 
from protons, but its occasional change in fre- 
quency may make it another component of the ‘hiss’ 
signals. 

We are indebted to Dr. B. Hultqvist, director of 
the Kiruna Geophysical Observatory, for his interest 


and advice. 
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CELL-GROWTH OF PLANT ROOTS, INORGANIC SALTS AND 
NATIVE SERUM PROTEINS 


By Dr. FOLKE RONNIKE 


Laboratory of Plant Physiology, Royal Veterinary and Agricultural College, Denmark 


TT HIS article deals with the influence of increasing 

| concentrations of some inorganic salts on the 
phytohormonal activity of native human serum com- 
pared with the influence of indolyl-3-acetic acid, 
which is considered the most important phyto- 
hormonally active substance in serum!. 

The phytohormonal activity of human serum, that 
is, its inhibitory effect on the growth of Lupinus 
albus roots, is influenced by the salt concentration in 
the nutrient solution with which the serum is diluted. 
Thus, the inhibitory effect of serum when diluted 
with distilled water is far less than when the serum 
is diluted with a plant-physiologically well-balanced 
triple-salt solution consisting of calcium nitrate 
2-5 mM, magnesium sulphate 7-5 mM, and potas- 
sium dihydrogen phosphate 9-0 mM (after Shive’)’. 
The increased effect of serum in a solution of salts, 
as the result of single-salt experiments, is interpreted 
is a phytohormone-separating 
effect of, especially, the calcium 


components are present at concentrations 2, 3 
and 5 times that of 1/1 Shive’s solution. The 
upper curves of Fig. 1 show the growth in solutions 
without serum ; the lower curves show the growth in 
solutions with serum. 

The osmotic pressure in Shive’s solution is about 
1-3 atmospheres. Consequently, 5 « Shive has an 
osmotic pressure of about 6-5 atmospheres, corre- 
sponding to the osmotic pressure of undiluted human 
serum. It is a familiar fact that the osmotic pressure 
of serum proteins is extremely low: about 0-033 
atmospheres. 

In Fig. 1 the salt concentrations are shown on the 
axis of abscisse#, while the axis of ordinates shows the 
elongation of the roots in mm. per 24 hr. at 15° C, 
(the Macht—Livingston technique’). The salt con- 
centration 0 in experiments I and IT indicates that 
in these experiments distilled water has been used, 





ions on the serum proteins‘. Growth 

The phytohormonal effect of mm 
serum is diminished, however, a 1 9 
when the concentration of inor- L s r 7] L444 in 
ganic salts in a serum-salt 20 . j tity ie 
solution is increased further, as ° [ ie 
will be accounted for below. | I Il { sual . WV 

Fig. 1 shows the results of four, l 4 J ° 
mutually independent, experi- . 7} *serum 1% 
ments (I, II, I1f and IV) with t { \ 
the growth of Lupinus albus JOr \ +serum2% 
roots in nutrient solutions, partly L \ +serum 2% 
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thus denotes the salt solution Fig. 1. Experiments I, Il, III and {V. The phytohormonal effect, that is, the root- 
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salt solution, and in solutions with all the Shive salts multiplied by 2, 3 or 5 (experiments 


tions in which all the salt 


I to IV). Axis of ordinates: growth of roots in mm. in 24 hr. at 15 
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partly with and partly without admixture of serum 
as nutrient solution. 

The upper curves of Fig. 1 present the elongation 
in the above-named salt solutions and in distilled 
water without serum, respectively. It will be seen 
that in all solutions with serum the growth is un- 
affected irrespective of whether the salt concentration 
is one or five times the concentration in Shive’s 
solution. In 24-hr. experiments the elongation in 
distilled water (the first two values on the upper 
curves for experiments I and II) is 0-10 per cent 
greater than in Shive’s solutions®.*. 
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Conc. of Shive's triple sa/ts 


Fig. 2. Experiments 1, 2, 3 and 4. The phytohormonal effect, 
that is, the root-growth inhibitory effect, of indolyl-3-acetic acid 
(IAA) 10-? M (lower curves). Upper curves show comparative 
growth in the same solutions without indole-3-acetic acid, that is, 
in distilled water, in Shive’s triple-salt solution, and jin triple-salt 
solutions with all the Shive salts at concentrations multiplied by 
3 or 5. The concentration in Shive’s solution alone is denoted by 
1/1. Axis of ordinates: growth of roots in mm. in 24 hr. at 15° C, 


From the first two values on the lower curves, 
representing the results of experiments I and II, it 
will be seen that in the solutions containing serum 
diluted with distilled water the elongation is greater 
than in the serum solutions diluted with Shive’s 
salts. The growth depression brought about by the 
admixture of Shive’s salt to the serum solution is 
accounted for in detail in a previous paper‘, and as 
mentioned, it is due to a specific serum-protein 
inorganic-salt interaction. 

In the solutions containing serum diluted with the 
various Shive salts, represented by the four lower 
curves in Fig. 1, which give the results of experiments 
I-IV, it will be seen that the elongation increases 
with a salt concentration increasing beyond the con- 
centration in 1/1 x Shive. In all the experiments 
the elongation in the serum solutions containing 
Shive salts is thus lowest when the solution is diluted 
with 1/1 x Shive. 

How, then, is this reduced phytohormonal activity 
of serum with increasing inorganic ion concentration 
to be interpreted ? 

It is impossible to give an exhaustive explanation 
of this phenomenon ; but a partial explanation may 
be found by comparing the effect of increasing salt 
concentrations on a pure, unbound phytohormone in 
@ corresponding experimental series and the effect 
just named of the same salts on the protein-bound 
phytohormone in human serum. 
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Fig. 2 serves this purpose. It shows the results of 
four experiments (1, 2, 3 and 4), in which indoly!-3. 
acetic acid is dissolved, partly in distilled water, 
partly in Shive’s solution, and partly in solutions 
containing increasing concentrations of the individual 
Shive salts, as described previously for Fig. 1. From 
the upper curves for the four experiments in Fig. 2 
it will be seen that, as was the case in Fig. 1, the 
elongation in the salt concentrations without indolyl- 
3-acetic acid is, in all essentials, constant with 
increasing salt concentration (experiment 3 of Fig. 2, 
however, shows a slight increase with increasing salt 
concentration), while, as previously, the elongation 
in distilled water with indolyl-3-acetic acid is greater 
than, or of the same order as, the elongation in the 
salt solutions. 

From all the lower curves in Fig. 2 it will be seen 
that the root-growth inhibition, the phytohormunal 
activity, of the unbound indolyl-3-acetic acid in an 
aqueous solution at the concentration 10-7 M is 
greatly pronounced but decreases rapidly when the 
indolyl-3-acetic acid solution contains a cer ain 
amount of inorganic salts (with calcium ions). This 
effect is not known to have been described before for 
the root-growth experiments, and it is preponderantly 
due to the presence of calcium ions in the solutions’. 
For Avena coleoptiles, Thimann and Schneider’ have 
described a similar calcium—auxin antagonism in 
single-salt experiments with calcium chloride. The 
increased auxin-induced elongation of coleoptiles was 
thus inhibited by the addition of calcium at concen- 
trations above 0-001 M. Through experiments, like- 
wise with Avena, Cooil and Bonner* demonstrated 
that this calcium effect is associated with a tightening 
effect upon the cell wall and is apparently brought 
about through interference with the normal processes 
involving auxin. 

Like coleoptile cells, also plant root cells become 
apparently more resistant to action of externally 
applied phytohormones with increasing calcium con- 
centrations in the nutrient solution. The effect of 
increasing concentrations of the Shive salts beyond 
the concentration in 1/1 x Shive in the serum 
dilutions, illustrated in Fig. 1, may therefore be 
interpreted as being due to such an increased resist 
ance of the roots. 

Fig. 1 thus shows two salt or calcium effects, 
namely : (1) @ primarily acting salt or calcium effect, 
acting on the serum proteins* and becoming apparent 
by a comparison of the phytohormona] effect (root- 
growth inhibition) of serum diluted with distilled 
water and the phytohormonal effect of serum diluted 
with 1/1 x Shive’s triple-salt solution ; (2) a second- 
arily acting salt or calcium effect, acting on the 
plant root cells and becoming apparent by an 
additional supply of Shive salts or calcium ions to 
the serum solution beyond the concentration in 
1/1 x Shive. 

This work was supported by grants from P. Carl 
Petersen’s Foundation, the Foundation of Johan 
Weimann, Merchant, of Odense, and Hanne 
Weimann, née Seedorff, and King Christian X’s 
Foundation. 

* Ronnike, F., Acta Pharmacol, et Toxicol, (in the press). 

* Shive, J. M., Amer. J. Bot., 2, 157 (1915). 

* Ronnike, F., Nature (in the press). 

* Ronnike, F., Acta Pharmacol. et Toricol., 16, 97 (1959). 

* Ronnike, F., Physiol. Plant., 11, 421 (1958). 

* Ekdahl, I., Ann. Roy. Agric. Coll. Sweden, 23, 497 (1957). 

? Thimann, K. V., and Schneider, C. L., Amer. J. Bot., 25, 270 (1938). 
* Cooil, B. J., and Bonner, J., Planta, 48, 696 (1957). 
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MICROBIAL OXIDATION OF GLYCOLLATE VIA A 
DICARBOXYLIC ACID CYCLE 


By Dr. H. L. KORNBERG and J. R. SADLER* 


Medical Research Council Cell Metabolism Research Unit, Department of Biochemistry, 
University of Oxford 


wen established as the major route for the 
tion of acetate, and of compounds catabolized 


f 


oxida 
to acetate, in micro-organisms as well as in other 


LTHOUGH the tricarboxylic acid cycle’ has 


biological materials (for review, see Krebs?.*, Elsden‘, 
Ajl> and Kornberg‘), little is known of the pathways 
of oxidation of C,-compounds more highly oxidized 
than acetate (such as glycollate, glyoxylate or 
glycine). Studies with mammals’, with mammalian 
tissue preparations*-'° and with a strain of Pseudo- 
monas",'? have led to the suggestion that glycollate 
or glycine is oxidized via glyoxylate and formate (1) : 


CH,.OH.COOH 


LAC 


HCOOH —— CO, + H,O 


+O, 
or -CO, 
CH,NH,.COOH 


(1) 


Evidence for the occurrence of this pathway in 


* Pre-doctoral Fellow of the National Science Foundation, Washing- 
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CO; 
! Postulated dicarboxylic acid cycle for the oxidation of 


lycollate and glyoxylate. (The sequence of reactions is catalysed 
1: glycollic oxidase (ref. 18); B: malate synthetase (ref. 19) : 
malic dehydrogenase (ref. 20); D: oxaloacetic carboxylase 
ref. 25) and #: the pyruvate oxidase system (ref. 26). Each 
turn of the cycle results in the oxidation of one molecule of 
glyoxylate: CHO.COOH + 0,— 2CO, + H,0. The dotted 
ne represents the pathways frcm glyoxylate to cycle inter- 
nediates, first shown by studies with Ps. ovalis Chester (ref. 18), 
which also operate in the strain of Z. coli used in the present work, 
and which are a means of providing for the net formation of 
precursors of cells onstituents during growth) 


Pseudomonas rests largely on the demonstration that 
formate, which is rapidly oxidized, accumulates!!,!? 
when cells oxidizing glycine or glyoxylate are 
poisoned with hypophosphite’’. 

However, the oxidation of glycollate and of 
glyoxylate by washed suspensions or cell-free extracts 
of Pseudomonas aeruginosa, of Pseudomonas ovalis 
Chester’’, or of Escherichia coli (strain w) proceeds 
at identical rates and to identical extents in the 
presence or absence of hypophosphite, although 
formate oxidation is completely abolished by this 
inhibitor. This indicates that a sequence of reactions 
(1) involving free formate is probably not of major 
importance in glycollate oxidation in these micro- 
organisms. 

The observed effects on glycollate metabolism of 
other metabolic poisons, particularly of fluoro- 
acetate'®.'7, suggest that the metabolism of glycollate 
(and of glyoxylate derived therefrom) is linked to 
that of intermediates of the tricarboxylic acid cycle. 
One such link has been demonstrated'*: extracts of 
glycollate-grown Pseudomonas ovalis Chester can 
catalyse the formation of intermediates of the tri- 
carboxylic acid cycle from glycollate or glyoxylate. 
Acetyl coenzyme A can be formed by a sequence of 
reactions the overall effect of which is: 


coenzyme A » 


2 glyoxylate 
acetyl coenzyme A + 2CO, + H,O (2) 


and can react with glyoxylate to form malate (3), 
catalysed by malate synthetase’® : 


glyoxylate + acetyl coenzyme A + H,O — 
malate coenzyme A (3) 


Malate can be oxidized to oxaloacetate®®, which can 
condense®! with acetyl coenzyme A formed in reac- 
tion (2) to yield citrate. Since citrate can be meta- 
bolized further through the tricarboxylic acid cycle, 
this sequence of reactions might serve not only to 
provide carbon skeletons for the biosynthesis of cell 
constituents when micro-organisms grow on C,- 
compounds more highly oxidized than acetate!*,®?,28, 
but might also serve as part of the terminal pathway 
of oxidation of such C,-compounds. 

This point was tested with a mutant of Escherichia 
coli* devoid of the citrate-forming condensing 
enzyme*! and hence unable to utilize acetate and 
unable to form citrate and glutamate. The results 
obtained show that although imtermediates of the 
tricarboxylie acid cycle are required for growth, this 
cycle is net an obligatory pathway for the oxidation 
of glycollate. Glycollate oxidation can be effected 
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via a dicarboxylic acid cycle (Fig. 1), which obviates 
the necessity for reduction of glyoxylate to the 
oxidation level of acetate prior to its catabolism. It 
brings about the oxidation of glyoxylate (derived 
from glycollate’*, Fig. 1A) by condensation with 
acetyl coenzyme A to form malate’® (reaction 3; 
Fig. 1B); oxidation of malate to oxaloacetate? 
(Fig. 1C); formation of carbon dioxide and pyruvate 
from oxaloacetate, possibly with intermediary forma- 
tion of phospho-pyruvate* (Fig. LD) and regeneration 
of the acetyl coenzyme A acceptor molecule from 
pyruvate by oxidative decarboxylation with the 
pyruvic oxidase system** (Fig. LZ). A major differ- 
ence in principle between oxidations effected by the 
tricarboxylic acid cycle and those effected by the 
postulated dicarboxylic acid cycle is that, while in 
each turn of the former, one molecule of acetyl 
coenzyme A is completely oxidized with the obligatory 
participation of a keto-acid (which is regenerated), in 
each turn of the latter, one molecule of keto-acid is 
completely oxidized with obligatory participation of 
acetyl coenzyme A (which is regenerated). 

The evidence for the cycle was obtained from 
studies on the growth of the Z. coli mutant M 22-64%, 
on oxidations effected by washed suspensions of the 
organism, and on enzymic reactions catalysed by 
extracts obtained after disintegration of the organism 
in &@ magnetostrictor oscillator. The main findings 
are as follows : 


(1) The mutant grew readily on a medium con- 
taining glycollate (50 mM) plus glutamate (2 mM) 
as carbon sources, but did not grow on glycollate 
alone, or on acetate either in the presence or absence 
of glutamate. Growth on glycollate plus glutamate 
was stimulated both in rate and extent by the addition 
of acetate (2 mM). These results confirm™ that 
glutamate, which is required for growth, cannot be 
synthesized by the mutant deficient in the ability to 
form citrate, and they support the view that the 
tricarboxylic acid cycle operates primarily to supply 
cell constituents under these conditions. Stimulation 
of growth by acetate indicated a point of entry into 
metabolic pathways of this compound other than 
via the condensing enzyme”. 

(2) Suspensions of washed cells oxidized glycollate 
plus acetate (Qo, 158 ul. of oxygen absorbed/hr. 
mgm. dry wt.) more rapidly than glycollate alone 
(Qo, 109), although they did not oxidize acetate 
alone. The addition of acetate, pyruvate or malate 
to cells oxidizing glycollate increased the quantities 
of oxygen absorbed from 45-59 to 83-93 per cent of 
that required for complete oxidation of glycollate 
Pyruvate or malate were oxidized incompletely 
and the quantities of oxygen absorbed 
consistent with their oxidation only to the level 
of acetate. The oxidation of glycollate was virtually 
complete in the of 2: 4-dinitrophenol 
(1-3 mM). 

(3) Washed suspensions of the mutant in- 
corporated isotope from added [1-™C] or [2-C]glycol- 
late initially into malate, and thereafter into 
aspartate, alanine, phosphorylated compounds and 
sugars. No radioactivity was detected in glutam- 
ate, citrate or other intermediates of the tricarboxylic 


were 


presence 


acid cycle. 

(4) The addition of [2-'C]acetate to cells oxidizing 
unlabelled glycollate resulted in the rapid appearance 
of the isotope in oxaloacetate and pyruvate. Similar 


results were obtained with [2-™C]glycollate ; labelled 
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oxaloacetate and pyruvate accumulated in the 
presence of arsenite (10 mM). 

(5) Washed suspensions of the mutant, shaken in 
air at 30°, did not evolve labelled carbor dioxide 
from [1-“C] or [2-“C]acetate alone, but did so rapidly 
if unlabelled glycollate or glyoxylate was added to 
the system. Malate or pyruvate was ineffective in 
promoting this oxidation of acetate. 

(6) The rates and extent of evolution of labelled 
carbon dioxide from malate, labelled with carbon-14 
in the carboxyl groups*’, were stimulated by the 
presence of glycollate or glyoxylate. This stimulation 
was abolished by arsenite (10 mM). Labelled 
oxaloacetate and pyruvate were formed in these 
reactions. Pyruvate or acetate was ineffective jn 
stimulating release of labelled carbon dioxide. 

(7) Cell-free extracts of the mutant readily catalysed 
the formation of malate from acetyl coenzyme 4 
and glyoxylate, the activity of the malate synthetase! 
being exceptionally high and sufficient to effect th: 
formation of 20 umoles of malate/hr./mgm. of solubk 
protein under the conditions of assay**. Acety! 
coenzyme A was not split by the extracts when 
oxaloacetate was added, confirming** the absence of 
the citrate-forming condensing enzyme. 

(8) The activity of malic dehydrogenase” in such 
extracts was sufficient to catalyse the oxidation of 
70 umoles of reduced diphosphopyridine nucleot id 
hr./mgm. of soluble protein when incubated with this 
coenzyme and oxaloacetate. 

(9) The cell-free extracts catalysed the anaerobi 
decarboxylation of oxaloacetate, the initial rate of 
release of carbon dioxide (7:8 umoles/hr./mgm. of 
soluble protein) being doubled by the presence of 
adenosine triphosphate”. 

(10) Although the 
phopyridine nucleotide oxidases was too high to 
permit a quantitative assay to be made of the 
pyruvate oxidase system*, the cell-free extracts 
formed at least 9-9 zmoles of reduced diphosphopyri 
dine nucleotide/hr./mgm. of soluble protein when 
incubated with pyruvate, glutathione, magnesiun 


activity of reduced diphos 


chloride, thiamin pyrophosphate and coenzyme A 
which showed that acetyl coenzyme A could bk 
readily formed from pyruvate by the extract. Th: 


identity of the formed acyl thiolester with acety| 
coenzyme A was established by chromatography of 
the acyl hydroxamates?’. 

The enzymic rates described under (7)—(10) above 
are more than sufficient to account for the observed 
rates of glycollate oxidation (3-4 umoles/hr./mgm 
dry wt.). Coupled with the findings on the growth 
of the mutant (1) and the oxidation of unlabelled 
and isotopically labelled substrates (2)-(6), 
results support the assumption that the sequence of 
reactions outlined in Fig. 1 occurs in the mutant of 
Escherichia coli studied, and that this oxidative 
dicarboxylic acid cycle represents a quantitatively 
important route for the microbial oxidation of carbon 
compounds at the oxidation-levels of glycollate o 
glyoxylate. 

Full experimental details will be published 
where. 

We are grateful to Sir Hans Krebs for his encourage 
ment and interest, to Prof. B. D. Davis (Harvard 
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RATS 


By Dr. P. N. MARTINOVITCH and D. PAVIC 


Boris Kidrich Institute of Nuclear Sciences, P.O. B.522, Belgrade, 
Yugoslavia 


N a paper published a number of years ago’ one 

of us presented evidence demonstrating that anter- 
ior pituitary transplants from infantile rats grafted 
into the anterior eye chamber of hypophysectomized 
adult males will often restore the functional activity 
of the testes. It is true that in these early experi- 
ments no histological study of the sella was under- 
taken, although only those animals from which the 
pituitary gland was removed as a whole, practically 
uninjured, were considered for further study. 

More recently, fresh work by Courrier* and by 
Fry and Long* has been published indicating. that 
the effect of the functional activity of pituitary 
grafts, not only on the testes but also on other end- 
organs, may be far greater than is attributed to them 
at the present time. Owing to the multiple depend- 
ence of the pituitary gland upon the hypothalamus, 
and to the role, recently revealed, that the former 
takes in the functional activity of the latter, the 
prevailing opinion to-day is that the anterior pituitary 
by itself is capable of very little of the functional 
tivity by which this organ is characterized in its 
normal position (see refs. 4 and 5). Prompted by the 
work of Courrier and of Fry and Long, we have 
repeated our work on 38 adult male rats with strict 
observance of all control experiments including a 
large number of hypophysectomized controls, histo- 
logical study of the sella, mating of the animals under 
xperiment with normal females and in four cases 


enucleation of the eyes bearing the grafts (see Table 


|). We have also enucleated the eyes of two normal 
rats weighing 100 gm., but with no effect upon the 


testicular tissue of the same. To the above rats 
another 12 animals should be added which received 


rafts from rats 18-22. days old and which are still 


alive (see Table 2). 


Four to nine whole anterior pituitaries from males 
13-22 days of age were grafted at different time- 


intervals in the anterior eye chamber and, as the 
necessity arose, under the kidney capsule. If the 
host animal responded to the first batch of grafts 
(usually three or four whole anterior pituitaries) no 
further grafts were given to it. Out of 38 grafted 
rats, 13 or 34 per cent either had their retracted 
testes returned into the scrotal sac or when freshly 
hypophysectomized animals were grafted, incipient 
involution was arrested, thereafter followed by a 
restoration that was close to normal. 

Some of the definitive results so far obtained have 
been presented in Table 1. In Table 2 are collected 
the results for the animals that received grafts from 
rats 18—22 days old and are still alive. To the grafted 
rats that sired a normal female should be added two 
more animals which were killed, but belonged to a 
still different batch of rats. This raises the number 
of rats siring normal females to 11. As a matter of 
fact it seldom happens that, once the process of 
restoration of the testes becomes definitely stabilized, 
a grafted male fails to sire a female. 

For the benefit of those who wish to go deeper into 
the problem of the functional activity of the pituitary 
grafts we should recommend the observance of the 
following points. 

(1) Mass of the grafted tissue. When three whole 
anterior pituitaries of infantile rats are grafted into 
hypophysectomized hosts, the testes of the recipient 
animal may or may not respond to the grafted pitui- 
tary tissue. Some hosts failing to respond to the 
first batch of grafts will do so if a second batch is 
given to them. Some of the hosts that failed to react 
to a second batch may react if a third batch is grafted 
under the kidney capsule. These observations have 
led us to believe that there may be a threshold sensi- 
tivity on the part of the testicular tissue to the 
hormones manufactured by the grafted pituitary 
tissue. A certain percentage of the grafted rat 
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Table 1. HYPOPHYSECTOMIZED GRAFTED RATS WITH ENUCLEATED EyYzs 
I- = . . ia enuitincbeateg fen 
| | Body-weight (gm.) | Weight of testes (gm.) 
No. of No. of l Before | i ‘Left testis is | Right testis | Result of Size of Remarks 
batch animals hy cm removal of | When before removal | after removal | mating to litter 
sectomy | grafts | killed of grafts of grafts normal 
= | females 
V-53/59 | 1 | 110 130 150 os =| 0-158 + | 6 | = | 
VII-58 | l 97 185 | 143 1-074 0-543 Not | = Animal had to be 
| mated killed because of 
} | illness 
| IX-68/59 | 1 | 100 | 203 140 | 1-212 0-155 : 10 — 
| IX-53/59 1 97 170 | 141 0-954 =| = 0-182 + 9 - 
| | | | 
Table 2. HYPOPHYSECTOMIZED GRAFTED RATS STILL UNDER EXPERIMENT WITH GRAFTS OBTAINED FROM MALES 18-22 Days OL! 
a sanantegneninesinnminenaiamegiiien . ' —— — 
Condition of testes | Result of mating 
| Average Average — ey - 
No. of No. of body wt. at body wt. l Sired 
batch animals | hy pophysect. Oct. 20, 1959 Good Can be | Retracted Mated normal Remarks 
| | (gm. ) (gm.) palpated females | 
X-58/59 | 5 97 234 4 — | 1 | 4 | 4 am 
X1-59 2 102 242 2 -_ _ 1 | 1 — 
| XII-59 | 3 99 173 | l 2 | -- | —_ These animals 
recovering belong to a batch 
| recently subjected 
| to experiment 
XITI-58/59 2 102 235 1 | 1 | 1 1 First grafted t 


testes showed no sign of stimulation even after 
three or more consecutive graftings. In these animals, 
however, the adrenal glands very often grew three 
to four times the size of the same glands in the 
hypophysectomized controls. We are inclined to 
believe that, in so far as our strain of rats is 
concerned, individual animals may show different 
threshold sensitivities to gonadotropic hormones, 
detectable only in situations where the hormone 
supply is very low. 

(2) Age of the donor of the grafts. The most satis- 
factory results were obtained when the grafted tissue 
was taken from rats 19-22 days old. Pituitaries 
taken from animals 13-17 days of age gave good 
grafts. Such grafts stimulated the growth of the host 
animal very markedly, but their action on the male 
reproductive organs was less marked than when 
pituitaries of slightly older animals were transplanted 
into hypophysectomized hosts. This difference in 
functional activity between the younger and the older 
pituitary grafts may probably be explained by a 
difference in their functional capacity at transplanta- 
tion in consequence of a difference in the degree of 
their differentiation. 

Pituitaries taken from adult rats (50-60 days old) 
gave poor results because the grafts did not ‘take’ 
well. It is known that tissues of older animals give 
poorer grafts. Our experimental animals belonged 
to a random inbred strain, and a certain number of 
grafted pituitaries, both infantile and adult, under- 
went early degeneration. In order to avoid reactions 
attributable to immunity phenomena, it is highly 
desirable that all the experimental animals belong 
to a closely inbred strain. 

(3) Time of grafting following the hypophysectomy. 
If grafting of the pituitary tissue immediately follows 
hypophysectomy a greater percentage of the grafted 
animals will have their reproductive activities 
restored. Some of the grafted rats, however, had 
their reproductive capacity restored when grafting 
of the pituitary tissue took place two months 
following hypophysectomy. This fact seems to show 


that prolonged hypophysectomized states may render 
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months following 
hypophysect 


the repairing action of the pituitary grafts on the 
reproductive organs more difficult. 

(4) Health of the grafted tissue. If the pituitary 
tissue following grafting retains its original size, 
that is, if it is well supplied with blood, a large percent- 
age of the grafted rats will have their testes partially 
or almost completely restored. Very few hosts with 
poor pituitary grafts will show an activation of the 
testes. Some of the grafted pituitaries may retain 
their healthy appearance for long periods, and then 
undergo a very slow degeneration. This process 
may sometimes go on for many months. Curiously 
enough, the deterioration of the grafts does not 
run parallel with a second involution of the 
testes. 

(5) Health of the grafted animal. The health of the 
animal under experiment cannot be sufficiently 
emphasized. The pituitary grafts will never restore 
the body functions of the experimental animal to its 
normal state. In spite of that, some of the grafted 
rats could not be told apart from normal controls 
unless their previous life-history had been known. 
However, when the grafted tissue is removed from 
such animals they invariably return to their original 
hypophysectomized state. Animals with seriously 
affected lungs are practically worthless and should 
be rejected. Long experience has shown us the 
importance of the role taken by the operational 
procedures (anzsthesia, techniques of hypophysec- 
tomy and grafting, etc.) one is obliged to use in 
this experiment, and that the degree of precision of 
each of them may account for all the difference between 
failure and success. 

A paper dealing in extenso with technical proce- 
dures and with the action of the pituitary grafts upon 
their end-organs will be published elsewhere. 
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LETTERS TO THE EDITORS 


PHYSICS 


Enhancement of the High-Spacing 
Meridiona! Reflexions in the X-ray 
Photograph of Keratin impregnated 

with Heavy-Metal Salts 


ENHANCEMENT of the reflexions corresponding to 
certain orders of the fundamental longitudinal 
periodicity of 198 A. in the X-ray diffraction photo- 
graph of keratin treated with heavy-metal salts has 
been reported by Fraser and Macrae'. They showed, 
for example, that mercury-treated Lincoln wool 
fibres gave enhanced seventh, twelfth, sixteenth and 
nineteenth orders, but they failed to observe any 
such effect in fibres treated with silver nitrate. 

In connexion with parallel electron microscope 
work being done in this laboratory*, we have recently 
performed experiments in which various keratin 
fibres (Lincoln wool, mohair, human hair and pig 
bristle) have been impregnated with mercury acetate 
or silver nitrate after they had been treated with 
thioglycollic acid to reduce the disulphide groups. 
With the mereury, we find considerable differences 
between the diffraction effects produced in the differ- 
ent fibres, and would add the third, fourth and sixth 
orders to the list of those which can sometimes be 
enhanced. 

Our most significant observations, however, have 
been made on the Lincoln wool fibres containing silver, 
for in these we find a quite exceptional enhancement 
of all the orders from the third to the tenth. Assess- 
ment of the absolute intensity of the scattering is 
made difficult by the high absorption of the metal, 
which makes a considerable reduction in specimen 
size necessary if X-rays are to be transmitted with 
reasonable intensity. However, if the specimen 
size and exposure are adjusted so that the conven- 
tional large-angle photograph can be discerned, the 
intensity of the scattering at low angles (correspond- 
ing to Bragg spacings greater than 20 A.) is so great 
that details of the discrete reflexions tend to be 
obscured ; when the exposure is adjusted to allow 
these details to be observed, the photographic film is 
completely blank at higher angles of scattering. 

'o a first approximation, therefore, we can say 
that the effect of the silver is to enhance the meridional] 
reflexions for orders up to the tenth at the expense of 
the higher orders. This can only mean that the 
silver is spread out at fairly wide intervals along the 
fibre axis. When the polarization and Lorentz 
factors are taken into account, it turns out that the 
ighth-order reflexion is the strongest by a factor 
{2-5 at least ; the tenth, sixth and third orders are 
so strong, and the fourth, fifth, seventh and ninth 
ire present but relatively weak. The absence of the 
higher orders and the very great intensity of the 


eighth can be interpreted to mean that the silver 


atoms are distributed with some regularity at inter- 
‘als of approximately.25 A. along the «-helix. 
Whether the silver is taken up within or on the 
surface of the microfibril is at present being investi- 
gated with the electron microscope, and preliminary 


results (Sikorski, J., unpublished work) suggest that, 
as occurs with osmium staining, the metal is for the 
most part located on and between the microfibrils 
rather than in them. Since the diffraction effect 
described is conditional upon the reduction of the 
disulphide groups, it is tempting to suppose that in 
some parts of the fibre, at least, the cystine residues 
occur at intervals of 25 A. along the axis ; it may be 
relevant that a relatively strong eighth-order reflexion 
occurs in untreated human hair* and Lincoln wool’, 
but only a weak one in porcupine quill’, which has a 
much lower sulphur content. 
We wish to acknowledge the financial support of 
the Wool Textile Research Council, which nade this 
work possible. 
W. S. Simpson 
H. J. Woops 
Textile Physics Laboratory, 
Department of Textile Industries, 
The University, Leeds 2. 
Nov. 29. 

1 Fraser, R. D. B., and Macrae, T. P., Nature, 179, 732 (1957). 

* Sikorski, J., and Simpson, W. 8., Nature, 182, 1235 (1958). 

’ Bear, R. S., and Rugo, H. J., Ann. N.Y. Acad. Sci., 83, 461 (1951). 

* MacArthur, I., Nature, 152, 38 (1943). 


Meridional Reflexions in the X-ray 
Diffraction Photographs of «-Keratin 

X-RAY diffraction photographs of various keratins 
taken with fine-slit collimators of high resolution 
display a rich series of meridional reflexions'-*. Their 
spacings may conveniently be regarded as orders of 
a macro-period of 198 A. with very few exceptions. 
Astbury* has used the spacings and intensities of 
reflexions reported by Bear and others, from porcu- 
pine quill tip, to derive a one-dimensional Patterson 
diagram, and to explore the possibility of finding the 
sequence of amino-acid residues in the protein chains 
of the crystalline portion of the keratin. It might 
well be that the differences among keratins could 
provide useful clues in this quest, and the present 
intention is to direct attention to them. 

Photographs were taken using copper Ka radiation 
in an evacuated camera at specimen-film distances of 
Table 1. RELATIVE INTENSITIES OF MERIDIAN AND NEAR MERIDIAN 

REFLEXIONS 


| Order Bear, | Group Group | Group 
of 198 A. Astbury A B | Cc | 
3 | 6 6 6 6 
| 
4 1 2 1 2 
5 2 1 (38 A.) 2 (38) 0 
6 | Oo | 6 | 2 0 
7 4 5 (27-0) | 5 3 
8 | 2 3 5 6 
9 | 2 so 1 | 1 
a nas 5 | 5 | 4 
| 11 3 5 Oorl | Oorl 
12 0 1 } 2 |; Oorl 
13 1 2 2 | 2 
14 | 0 1 (13-9) 0 | 0 
15 1 3 1 1 
6 | 4 5 3 | 3* 
17 | 0 0 } 0 0 
18 | 0 2 | 0 1 
19 | 3 2 | 2 | 2 





* Pig bristle 4, human hair 2, horse hair 3. 
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- r “ha — : 
| | Body-weight (gm.) Weight of testes (gm.) | 
No. of No. of At | Before | Left testis Right testis | Result of Size of Remarks 
batch animals | hypophy- | removal of | When before removal} after removal | mating to litter 
| gectomy | grafts | killed of grafts of grafts normal 
| | | females | 
l 110 130 150 0-800 0-158 . } 6 | - 
| 1 97 185 | 143 | 1-074 | 0-543 Not | — Animal had to be 
| | | mated killed because of 
| | | illness 
IX-58/59 1 100 203 | 140 1-212 0-155 + 10 — 
IX-58/59 1 97 170 | 141 ; 9 — 


Table 2. HYPOPHYSECTOMIZED GRAFTED RATS STILL UNDER E 


- 
| 
} 


Average Average —— 


January 16, 1960 vou ies 


Table 1. HYPOPHYSECTOMIZED GRAFTED RATS WITH ENUCLEATED EYES 





0-954 0-182 


XPERIMENT WITH GRAFTS OBTAINED FROM MALES 18-22 Days OLp 





Condition of testes Result of mating 


| 


No. of | No.of | body wt. at body wt. | Sired 
batch animals | hypophysect. | Oct. 20, 1959 Good Can be | Retracted| Mated normal Remarks 
(gm.) | (gm.) palpated | females | 
X-58/59 5 97 234 4 — | S| 7s 3 4 - 
X1-59 2 102 242 2 — i — 1 . 
| X-59 | 3 99 173 1 2 _ — These anima 
recovering | belong to a batch 
recently sut ted 
| | to experime 
XITI-538/59 2 102 235 1 e.. 4 1 1 First grafted two 
months following 
| | hypophysectomy 


testes showed no sign of stimulation even after 
three or more consecutive graftings. In these animals, 
however, the adrenal glands very often grew three 
to four times the size of the same glands in the 
hypophysectomized controls. We are inclined to 
believe that, in so far as our strain of rats is 
concerned, individual animals may show different 
threshold sensitivities to gonadotropic hormones, 
detectable only in situations where the hormone 
supply is very low. 

(2) Age of the donor of the grafts. The most satis- 
factory results were obtained when the grafted tissue 
was taken from rats 19-22 days old. Pituitaries 
taken from animals 13-17 days of age gave good 
grafts. Such grafts stimulated the growth of the host 
animal very markedly, but their action on the male 
reproductive organs was less marked than when 
pituitaries of slightly older animals were transplanted 
into hypophysectomized hosts. This difference in 
functional activity between the younger and the older 
pituitary grafts may probably be explained by a 
difference in their functional capacity at transplanta- 
tion in consequence of a difference in the degree of 
their differentiation. 

Pituitaries taken from adult rats (50-60 days old) 
gave poor results because the grafts did not ‘take’ 
well. It is known that tissues of older animals give 
poorer grafts. Our experimental animals belonged 
to a random inbred strain, and a certain number of 
grafted pituitaries, both infantile and adult, under- 
went early degeneration. In order td avoid reactions 
attributable to immunity phenomena, it is highly 
desirable that all the experimental animals belong 
to a closely inbred strain. 

(3) Time of grafting following the hypophysectomy. 
If grafting of the pituitary tissue immediately follows 
hypophysectomy a greater percentage of the grafted 
animals will have their reproductive activities 
restored. Some of the grafted rats, however, had 


their reproductive capacity restored when grafting 
of the pituitary tissue took place two months 
following hypophysectomy. This fact seems to show 
that prolonged hypophysectomized states may render 


the repairing action of the pituitary grafts on the 


reproductive organs more difficult. 

(4) Health of the grafted tissue. If the pituitary 
tissue following grafting retains its original size, 
that is, if it is well supplied with blood, a large percent- 
age of the grafted rats will have their testes partially 
or almost completely restored. Very few hosts with 
poor pituitary grafts will show an activation of the 
testes. Some of the grafted pituitaries may retain 
their healthy appearance for long periods, and then 
undergo a very slow degeneration. This process 
may sometimes go on for many months. Curiously 
enough, the deterioration of the grafts does not 
run parallel with a second involution of the 
testes. 

(5) Health of the grafted animal. The health of the 
animal under experiment cannot be sufficiently 
emphasized. The pituitary grafts will never restore 
the body functions of the experimental animal to its 
normal state. In spite of that, some of the grafted 
rats could not be told apart from normal controls 
unless their previous life-history had been known. 
However, when the grafted tissue is removed from 
such animals they invariably return to their original 
hypophysectomized state. Animals with seriously 
affected lungs are practically worthless and should 
be rejected. Long experience has shown us the 
importance of the role taken by the operational 
procedures (anzsthesia, techniques of hypoplhysec- 
tomy and grafting, etc.) one is obliged to use in 
this experiment, and that the degree of precision of 
each of them may account for all the difference bet ween 
failure and success. 

A paper dealing in extenso with technical proce- 
dures and with the action of the pituitary grafts upon 
their end-organs will be published elsewhere 


1 Martinovitch, P. N., Bull. Acad. Serbe des Sciences 1V, Sci. Nat., 2 
(1952) 

* Courrier, R., Arch. de Biol., 67, 461 (1956). Courrier, R., and Colonge, 
Andrée, C.R. Acad, Sci., Paris, 245, 388 (19% 

Fry, E., and Long, C. N. H., Résumés des communications, Twentieth 

Cong. Int. Physiol., Bruxelles, 307 (1956). 

* Harris, G. W., Monographs Physiol. Society, No. 3 (1955) 

* Benoit, J., and Assenmacher, I., J. Physiol., 47, 427 (1954 
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LETTERS TO THE EDITORS 


PHYSICS 


Enhancement of the High-Spacing 

Meridional Reflexions in the X-ray 

Photograph of Keratin impregnated 
with Heavy-Metal Salts 


ENHANCEMENT of the reflexions corresponding to 
certain orders of the fundamental longitudinal 
periodicity of 198 A. in the X-ray diffraction photo- 
graph of keratin treated with heavy-metal salts has 
been reported by Fraser and Macrae'. They showed, 
for example, that mercury-treated Lincoln wool 
fibres gave enhanced seventh, twelfth, sixteenth and 
nineteenth orders, but they failed to observe any 
such effect in fibres treated with silver nitrate. 

In connexion with parallel electron microscope 
work being done in this laboratory”, we have recently 
performed experiments in which various keratin 
fibres (Lincoln wool, mohair, human hair and pig 
bristle) have been impregnated with mercury acetate 
or silver nitrate after they had been treated with 
thioglyeollic acid to reduce the disulphide groups. 
With the mercury, we find considerable differences 
between the diffraction effects produced in the differ- 
ent fibres, and would add the third, fourth and sixth 
orders to the list of those which can sometimes be 
enhanced. 

Our most significant observations, however, have 
been made on the Lincoln wool fibres containing silver, 
for in these we find a quite exceptional enhancement 
of all the orders from the third to the tenth. Assess- 
ment of the absolute intensity of the scattering is 
made difficult by the high absorption of the metal, 
which makes a considerable reduction in specimen 
size necessary if X-rays are to be transmitted with 
reasonable intensity. However, if the specimen 
size and exposure are adjusted so that the conven- 
tional large-angle photograph can be discerned, the 
intensity of the scattering at low angles (correspond 
ing to Bragg spacings greater than 20 A.) is so great 
that details of the discrete reflexions tend to be 
obscured ; when the exposure is adjusted to allow 
these details to be observed, the photographic film is 
completely blank at higher angles of scattering. 

To a@ first approximation, therefore, we can say 
that the effect of the silver is to enhance the meridional] 
reflexions for orders up to the tenth at the expense of 
the higher orders. This can only mean that the 
silver is spread out at fairly wide intervals along the 
fibre axis. When the polarization and Lorentz 
factors are taken into account, it turns out that the 
ighth-order reflexion is the strongest by a factor 
of 2-5 at least ; the tenth, sixth and third orders are 
also strong, and the fourth, fifth, seventh and ninth 
are present but relatively weak. The absence of the 
higher orders and the very great intensity of the 
vighth can be interpreted to mean that the silver 
atoms are distributed with some regularity at inter- 
vals of approximately .25 A. along the «-helix. 

Whether the silver is taken up within or on the 
surface of the microfibril is at present being investi- 
gated with the electron microscope, and preliminary 





results (Sikorski, J., unpublished work) suggest that, 
as occurs with osmium staining, the metal is for the 
most part located on and between the microfibrils 
rather than in them. Since the diffraction effect 
described is conditional upon the reduction of the 
disulphide groups, it is tempting to suppose that in 
some parts of the fibre, at least, the cystine residues 
occur at intervals of 25 A. along the axis ; it may be 
relevant that a relatively strong eighth-order reflexion 
occurs in untreated human hair* and Lincoln wool’, 
but only a weak one in porcupine quill*, which has a 
much lower sulphur content. 
We wish to acknowledge the financial support of 
the Wool Textile Research Council, which made this 
work possible. 
W. 8S. Simpson 
H. J. Woops 
Textile Physics Laboratory, 
Department of Textile Industries, 
The University, Leeds 2. 
Nov. 29. 

1 Fraser, R. D. B., and Macrae, T. P., Nature, 179, 732 (1957). 

* Sikorski, J., and Simpson, W. S., Nature, 182, 1235 (1958). 

* Bear, R. S., and Rugo, H. J., Ann. N.Y. Acad. Sci., 58, 461 (1951). 

* MacArthur, [., Nature, 152, 38 (1943). 


Meridional Reflexions in the X-ray 
Diffraction Photographs of «-Keratin 
X-ray diffraction photographs of various keratins 
taken with fine-slit collimators of high resolution 
display a rich series of meridional reflexions'-*. Their 
spacings may conveniently be regarded as orders of 
a macro-period of 198 A. with very few exceptions. 
Astbury* has used the spacings and intensities of 
reflexions reported by Bear and others, from porcu- 
pine quill tip, to derive a one-dimensional Patterson 
diagram, and to explore the possibility of finding the 
sequence of amino-acid residues in the protein chains 
of the crystalline portion of the keratin. It might 
well be that the differences among keratins could 
provide useful clues in this quest, and the present 
intention is to direct attention to them. 
Photographs were taken using copper Ka radiation 
in an evacuated camera at specimen-film distances of 








Table 1. RELATIVE INTENSITIES OF MERIDIAN AND NEAR MERIDIAN 
REFLEXIONS 
-_ . . meee 1 
| 
Order |} Bear, | Group Group } Group 
of 198 A. Astbury A B | Cc | 
‘ 5 6 6 
; | of 2 |} 2 
5 | 3 1 (38 A.) 2(38) | 0 
6 | 0 0 | 0 
7 4 6(27-°0) | 5 3 
8 2 3 5 6 
5 2 1 } 4 
10 4 5 § + 
il | 3 5 | Oorl Oorl 
| 12 0 1 1 Oorl 
13 1 2 2 2 
14 0 1 (13-9) 0 0 
15 | 1 3 1 1 
16 | 5 3 3* 
17 } 0 0 | oO 0 
18 0 2 i oO | 1 
19 | 3 2 2 2 


* Pig bristle 4, human hair 2, horse hair 3. 
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24and 20cm. The six forms of «-keratin studied gave 
photographs that fall into three groups: group A, 
porcupine quill tip ; group B, Lincoln wool and kid 
mohair; group C, human hair, horse hair and pig 
bristle. The intensities of the reflexions observed 
are reported in Table 1, using Bear’s scale of intensi- 
ties. In exceptional cases the spacing is given in 
brackets where the reflexion is displaced from the 
position appropriate to an order of 198 A. 
It will be noted that the intensities for group A 
(porcupine quill tip) do not differ greatly from those 
reported by Bear and used by Astbury ; the intensi- 
ties for group C show differences in detail from those 
of Bear and Rugo, although the general trend is 
similar. The chief differences among the present 
groups are in orders 5, 6, 7, 8, 10, 11, 15 and 16. 
The intensities, similarities and differences observed 
by eye are confirmed by photometer traces, of which 
Fig. 1 shows typical examples. Further work is 
proceeding to investigate the possibility of extending 
the tentative classification used here to other varieties 
of keratin fibres 
W. J. ONntons 
H. J. Woops 
P. B. Woops 
Textile Physics Laboratory, 
Department of Textile Industries, 
The University, 
Leeds 2. 

* MacArthur, I., Nature, 152, 38 (1943). 

Bear, R. 8., J. Amer. Chem. Soe., 66, 2043 (1944). 

* Bear, R. S., and Rugo, H. J., Ann. N. Y. Acad. Sci., 58, 461 

(1951). 

* Astbury, W. T., Proc 


(1955). 


Int. Wool Text. Res. Conf. Australia, B, 202 


Thermo-magnetic Effects in Liquids 
RECENTLY, several authors'-’ have investigated the 
effect of a magnetic field‘ on thermal convection in 
electrically conducting liquids. In this communica- 


tion we present the results of a simple experiment 
on the effect of the magnetic field on the rate of 
cooling of two liquids, namely, mercury and water. 
A glass tube (length 20 em. and diameter,4-2 cm.) 
was placed on a frame suspended between the pole- 
pieces of a large electromagnet 


(type ADL Cam- 


January 16, 1960 vou 185 


bridge, Mass, U.S.A.). The frame was made of 
wood and brass rods, and was completely isolated 
(thermally) from the pole pieces of the magnet. The 
glass tube, filled with mercury up to a height of 
15-7 cm., was heated and then allowed to cool in 
a magnetic field of about 23,000 cersteds and without 
the magnetic field. The cooling curves for both 
cases are shown in Fig. 1. These curves clearly show 
that the rate of cooling for mercury is faster in the 
magnetic field. The experiment was later repeated 
also with water, and a similar effect on the rate of 
cooling was observed (Fig. 1). 


Wz 
A 


log,» (0 








0 2 4 6 8 10 12 14 16 
Time (min.) 


Fig. 1. Cooling curves for mercury and water with and without 

the magnetic field. Curves A, and B, refer to mercury, wh 

A, and B, are for water. Curve B corresponds to the cooling 

a magnetic field of ~ 23,000 cersteds and A refers to field fre 

cooling. Abscissa denotes time in minutes and ordinate 

log,9(0 — 09), where 6 is the instantaneous temperature of t! 
liquid and 6, is that of the surroundings 


In another experiment with water as the liquid, 
the rate of cooling was investigated in the presence 
of the magnetic field, which was switched off for a 
few minutes and later re-established. The slopes of 
the cooling curves obtained in the magnetic field are 
essentially the same, and are greater than that of 
the curve obtained while the magnetic field was 
switched off. This further supports the finding that 
the cooling becomes faster in the presence of a high 
magnetic field. Experiments were also performed to 
study the effect of a magnetic field on the rate of 
heating for both the liquids, and it was found that 
the rate of heating is also faster in the presence of 
a magnetic field. Similar results were also obtained 
when the glass was replaced by a copper container. 

From these experiments we conclude that the rate 
of cooling and also the rate of heating for these 
liquids increases in the presence of a high magnetic 
field. 

The above results may possibly be explained on 
the basis of the change in specific heat of the liquid 
in a magnetic field or they may be due to a change in 
its absorptivity (or emissivity) in the presence of a 
magnetic field. In the case of mercury, however, 
there should be some additional effect due to the 
inhibition of convection in the magnetic field. 

The nature of the variation of the rate of cooling 
of liquids subjected to different magnetic fields will 
be the subject of future investigation. 

We are grateful to Dr. K. G. Ramanathan, of the 
National Physical Laboratory, New Delhi, for his 
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co-operation in allowing us to use the Laboratory’s 
electromagnet. 

R. C. SAXENA 
y. TANDON 
S. P. TALWAR 





Department of Physics, 
University of Delhi, 
Delhi-8. 
Lehnert, B., Proce. Roy. Soe., A, 233, 299 (1955). 
Nakagawa, Y., Nature, 175, 417 (1955). 
Nakagawa, Y., and Frenzen, P., Tellus, 7, 1 (1955). 
‘Fultz, P., and Nakagawa, Y., Proc. Roy. Soc., A, 231, 211 (1955). 
Jirlow, K., Tellus, 8, 252 (1956). 
* Levengood, W. C., Nature, 177, 631 (1956). 
’ Nakagawa, Y., Proc. Roy. Soc., A, 240, 108 (1957). 


CHEMISTRY 


Effect of Ultrasonic Insonation on the 
Carbon Tetrachloride—Water-Dissolved 
Helium System 


lv was the purpose of this study to obtain more 
evidence regarding the effect of ultrasonics on 
chemical reactions, and to determine the relationship 
between the reaction yield and solubility of dissolved 
gas in the system. Griffing' found that gases of 
different solubilities have different thresholds of 
cavitation; but no attempt was made to ascertain 
the effect of varying the solubility of a particular 
vas. 

The system studied was the carbon tetrachloride 
water—dissolved helium system. In order to ensure 
that the helium was the gas responsible for any 
reaction that might be observed, the water used was 
purified and degassed. Carbon tetrachloride was 
added and the mixture was vigorously agitated. 
Helium was then bubbled through, and after settling 
the substrate consisted of two distinct phases. The 
phase rich in carbon tetrachloride was used for the 
experiments. The carbon tetrachloride—water—dis- 
solved helium mixture was then transferred (in a 
helium atmosphere) to a specially designed reaction 
vessel, one side of which was covered with a polyester 
film of high sound permeability. This served as a 
sound window. 

The reaction mixture was exposed to 1,000 ke./s. 
sound energy at a power output of 7-20 watts/sq. 

in. The sound was transmitted through a plain tap 
water medium from crystal to vessel. This water 
was circulated and served also as a constant-tem- 
perature bath. The distance between the crystal and 

«tion vessel surface was maintained the same for 
each run. This assured uniform sound absorbance 
by the sample. The samples after insonation were 
analysed for chlorine by addition of potassium iodide 

lution and the titration of the liberated iodine 
with sodium thiosulphate solution. Starch was used 
as indicator. It was found that the pH change 
brought about by the reaction was sufficient to 
supply the acid medium need for the above 
nalysis. 

Samples which were insonated immediately after 
they were transferred from the preparation apparatus 
to the reaction vessel gave erratic results. Samples 
which were transferred and allowed to stand 12 hr. 
before insonation gave much greater repro- 
lucibility. Griffing' observed a similar phenomenon. 
Different final concentrations of chlorine, due to 


insonation, were observed for vessels which were 
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completely filled and those which were partially filled 
with reaction mixture (the vapour space being filled 
with helium). In addition to chlorine, it was thought 
that trace amounts of hexachloroethane could be 
detected. 

The formation of chlorine and hexachloroethane 
from the reaction mixture, in the absence of oxygen, 
indicates a free-radical mechanism. This could well 
be due to the break-up of the water molecule as a 
result of local heating due to the adiabatic com- 
pression of the dissolved gas, as Griffing has sug- 
gested?. 

The different yields observed for partially filled 
and completely filled vessels can be ascribed to the 
variation in gas solubility with pressure. Ultrasonic 
insonation is a degassing process. It is obvious that 
the residual pressure in a vessel which was originally 
filled is much greater than the pressure in a vessel 
which was partially filled. According to Griffing’s 
theory with regard to the effect of solubility on 
cavitation!, the yield of chlorine would be greater at 
low pressures and lower at high pressures. The 
data show that the yield for filled vessels was lower 
than that for partially filled vessels. This supports 
the solubility theory of Griffing, using only a single 
gas. This eliminates any doubt which might have 
arisen due to the varying of solubility with different 
gases and thereby changing other physical properties 
as well. 

The cause of 
transfer was probably nucleation 
centres of gas bubble agglomeration. This would 
occur in random fashion for each run, thereby 
introducing a lack of similarity in sample prepara- 


the erratic results after sample 
the formation of 


tion. 

I would like to acknowledge the help of Dr. O. L. 
Updike during the course of the work, which was 
carried out at the University of Virginia, Charlottes- 
ville, Virginia. 

Martin R. LEvy 


Department of Chemical Engineering, 
Technion, 
Haifa, Israel. 
Oct. 4. 

! Griffing, Sette, Sullivan and Majowicz, “Experiments on Cavitation 
and Related Reactions” (Catholic University, Washington, D.C.) 
(unpublished). 

* Griffing and Fitzgerald, J. Chem. Phys.. 25, 5 (1956). 


Optical Rotatory Dispersion Studies on 
Partially Methylated Cellulose 
Roratory dispersion studies have been conducted 
on a large number of proteins and polypeptides'*. 
We wish to report some preliminary studies on the 
rotatory dispersion of polysaccharides. The material 
used for this work was ‘Methocel’ (registered trade 


mark of the Dow Chemical Company, Midland, 
Michigan) supplied by the Dow Chemical Co. 
‘Methocel’ is a_ partially methylated cellulose 


which has the characteristic of being more soluble 
in cold water than in hot water. This investigation 
was carried out on material with an_ intrinsic 
viscosity of 1-6 (corresponding roughly to a mole- 
cular weight of 35,000) and a methyoxyl analysis 
of 29-5 per cent (1-8 OCH, groups/anhydroglucose 
unit). The method of solubilizing this particular 
polysaccharide consisted in dispersing the material in 
boiling water and allowing it to cool to room tem- 
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Fig. 1. Optical rotatory dispersion curves of 2 per cent aqueous 
solutions of methylcellulose at 24°C. See text for description of 
curves A and D 


A (Figs. 1 and 2) was further 
overnight and then maintained at 
room temperature (24° C.). Solution D (Figs. 1 and 
2) was maintained at room temperature. The 
dispersion curves for these two solutions are shown 
in Fig. 1. The majority of the measurements were 
carried out on a Keston photoelectric polarimeter 
attached to the Beckman DU spectrophotometer. 
The cell was covered with black paper to eliminate 
any spurious rotation as described in a recent paper 
by Winkler and Markus‘. The dispersion curve of 
solution A from 270 mu to 600 my was obtained on 
a Rudolph photoelectric spectropolarimeter, model 
200 S. (The use of this instrument was kindly 
permitted by Prof. M. L. Wolfrom of the Chemistry 
Department, Ohio State University, Columbus, Ohio.) 
The results using the Keston instrument checked very 
well with the results on the Rudolph instrument. 


perature. Solution 
cooled to 0° 
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Fig. 2. Modified Drude plots of the dispersion data in Fig. 1. 
See text for description of curves A, B, C and D 
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The dispersion data were plotted by the method of 
Yang and Doty* as given in the following equaticn : 
Aa] = Aca] + K (1) 
(A denotes wave-length in mu, [«] specific rotation,") 
the dispersion constant and K the intercept). 

The modified Drude plots of the dispersion data 
are given in Fig. 2. The partially methylated 
cellulose solubilized at 0° follows the simple one-term 
Drude equation as shown by curve A, Fig. 2. Curve 
D, Fig. 2, is the complex dispersion of this particular 
polysaccharide which had been solubilized at room 
temperature. This solution is very unstable and 
progresses from curve D to curve C (1 hr. in the c 
polarimeter tube) to curve B (16 hr. in the polarimeter 





tube). Curve B represents an equilibrium state. t 
This equilibrium solution may be shaken and the \ 
original curve D is returned. This anomalous (is- y 
persion can be explained on the basis of molecular \ 
association causing an aggregate which slowly settles ‘ 
out of solution leaving the randomly dispersed i 


By analogy with the polypeptide ‘ 
Drude plots 


material behind. 
studies of Yang and Doty? the linear 


(curves A and B, Fig. 2) represent partially methylated ( 
cellulose randomly dispersed in solution. ( 
These studies will be further amplified in a | 


detailed publication on this phenomenon. | 
W. Brock NEEL‘ | 


Biochemical Research Laboratory, 
The Dow Chemical Co., 
Midland, Michigan. 


* Doty, P., and Yang, J. T., J. Amer. 

* Yang, J. T., and Doty, P., r 

* Jirgensons, B., Arch. Biochem. 
235 (1958). 

* Winkler, M. H1., 
(1959). 
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Deuterium-Hydrogen Exchange between 
Water and Macromolecules: Accessibility of 
Cellulose 


ALTHOUGH many workers have observed  th« 
exchange reaction of heavy water with macromol 
cules indirectly by the change in composition of the 
water'.*, and by infra-red measurements*, only one 
group has reported the measurement of the exchange 
directly by the change in weight of the macromole- 
cules. Burley, Nicholls and Speakman* measured 
the increase in weight when wool keratin reacted 
with the vapour of heavy water. They used a quartz 
spring balance with a small sample (about 0-1 gm.) 
In the present work, in which the gravimetric method 
was also employed, a much larger sample (about 
6 gm.) was used. The sample was placed in a glass 
cell similar to one used in the measurement of 
adsorption isotherms of water on fibrous macromol 
cules’. 

The principal problem in the gravimetric method is 
to achieve complete dryness. Recently, the condi 
tions necessary for obtaining this dryness wert 
determined unequivocally by Lang and Mason* for 
cellulose and by Hvidt and Linderstrom-Lang? fo 
insulin. Complete drying was obtained in the present 
work by a combination of diffusion and rotary 
vacuum pumps and ‘dry ice’-acetone baths. The 
celluloses (cotton and cotton mercerized in 18 per cent 
sodium hydroxide) were evacuated for a minimum of 
72 hr. at 70° C., although there was usually no cha: 
in weight after 24 hr. 
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| Monolayer values | 
Weight | Heat of (refs. 7 and 9) } 
| increase | wetting) (gm. water/100gm.) | 
cellulose | of deut- | (refs. 7 -\- -| Access- | 
| eration | and 9) | Brunauer-— ibility 
(percent)} (cal. Emmett Harkins (ref. 10) 


gm.) Teller | Jura 
| 
tton 0-710 12°33 3°19 3°29 0-38 
ercerized | | } 
»tton 1 -21 20°25 5-2 | 5°36 0-65 
tio, M/C 1°71 1-64 1 63 1-63 


Deuterium loading was obtained by keeping the 
celluloses in contact with heavy-water vapour 
(99-7 per cent) for several hours, and then evacuating 
to constant weight. After four to six loadings, there 
was no further increase in the evacuated dried weights. 
The process was completely reversed by ordinary 
water vapour, so that there were no ‘resistant’ 
deuteroxyl groups produced*. The percentage gains 
in weight along with other results for the same sub- 
stances’.® are given in Table 1. 

Included in Table | are the accessibilities of the two 
celluloses. The accessibility is defined'® as the ratio 
of the number of hydroxyl hydrogens exchanged to 
the total number in the cellulose. The accessibility 
of cotton cellulose to the vapour of heavy water is 
exactly the same as that calculated by Valentine™ 
for the amorphous fraction. Valentine based his 
calculations on correlations between infra-red measure- 
ments of celluloses deuterated with heavy-water 
vapour? and water vapour adsorption isotherms’’. 
The present accessibility of cotton cellulose is also 
similar to that for bacterial cellulose*. 

The ratio of the Brunauer—Emmett—Teller mono- 
layer molar values’.* to the moles cf deuterated 
hydroxyls are 0-25 and 0-24 for cotton and mer- 
cerized cotton respectively. This suggests that each 
accessible glucose anhydride unit adsorbs about one 
molecule of water in the complete monolayer. 

Of the three hydroxyls in the glucose unit, two are 
on the ring and one is on the side-chain. The tenta- 
tive deduction that a maximum of one molecule is 
wisorbed directly on each accessible glucose unit 
suggests in turn that the side-chain hydroxyls may 
be the sites of hydrogen bonding’, and that they may 
be exchanged more rapidly than the ring hydroxyls. 
Kinetic experiments in progress appear to support 
the latter hypothesis. 

This work was reported at the annual conference 
of the Chemical Institute of Canada, May 25-27, 
1959, Halifax, N.S. 

Joun L. Morrison 


(‘onnaught Medical Research Laboratories, 
University of Toronto, 
Toronto, Ontario. 
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A Proposal for the Nomenclature of 
Free Radicals 


Ln the course of preparation of a number of organic 
free radicals for mass spectrometric and electron spin 
resonance studies, it has become apparent that the 
system of nomenclature for organic compounds 
approved by the International Union of Chemistry’ 
does not, in many cases, serve to identify a free 
radical unambiguously. As an example, there are 
listed below the possible butenyl radicals, the dot 
indicating the nominal position of the free electron. 
(This is not to imply that the electron is actually 
localized at this site.) 


(1) CH,CH = CHCH, 
(2) CH.CH=CCH, 
(83) CH,=CHCH,CH, 
(4) CH,=CHCHCH, 

(5) CH, -CCH,CH, | 
(6) CH =CHCH,CH, J 


(7) CH,=C(CH,)CH, béestiedaianeial 
(8)  GH=C(CH,)CH, f Smathgt poapeny 


r 2-butenyl 


> 1-butenyl 


The difficulty does not arise with derivatives of the 
radicals ; for example, the chloride of (4) is 3-chloro 
l-butene, and that of (8) is 1-chloro 2-methyl propene. 
When, however, the corresponding ‘free’ radicals are 
considered the system fails for lack of a functional 
group name for the free electron. We propose that 
the ending ‘yl’ be retained for the free radical and 
that the free electron be given the functional group 
name of ‘el’, preceded by a number to indicate its 
position as for any other substituent. Thus the free 
radical (4) becomes 1-butenyl 3-el as distinguished 
from (5) 1-butenyl 2-el. 

The naming of di-radicals would follow the usual 
practice for double bonds ; for example, CH, —CH= 
CH would be called propenyl 1,3 di-el and ¢cH=C= 
CH propadienyl 1,3 di-el. 

A free radical in which the free electron is located 
on a side-chain, such as the (hypothetical) radical 


CH,=CH—CH, —CH—CH=CH, 
CH, 
CH, 


would be named in this system (4 ethyl 2-el) 1,5 
hexadiene. 

At present radicals such as (1), (4) and (7) can be 
named as derivatives of allyl; (1) is y-methylallyl, 
(4) is «-methylallyl and (7) is B-methylallyl{ These 
names, although useful in indicating the relation of 
these radicals to each other as derivatives of allyl 
by methyl substitution, may cause confusion since 
derivatives of the butenes are sometimes named from 
their relation to a-butylene and $-butylene, in which 
the prefix refers to the position of the double bond 
rather than that of substitution. 


F. P. Losstne 
}. A. McDowELu 


~ 


National Research Council, 
Ottawa, 
and 
University of British Columbia, 
Vancouver. 


Oct. 9. 
1 J. Amer. Chem, Soc., 55, 3905 (1933). 
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Fig. 1. Optical rotatory dispersion curves of 2 per cent aqueous 
solutions of methylcellulose at 24°C. See text for description of 
curves A and D 


Solution A (Figs. 1 and 2) was further 
overnight and then maintained at 
room temperature (24° C.). Solution D (Figs. 1 and 
2) was maintained at room temperature. The 
dispersion curves for these two solutions are shown 
in Fig. 1. The majority of the measurements were 
carried out on a Keston photoelectric polarimeter 
attached to the Beckman DU spectrophotometer. 
The cell was covered with black paper to eliminate 
any spurious rotation as described in a recent paper 
by Winkler and Markus‘. 
solution A from 270 mu to 600 my was obtained on 
a Rudolph photoelectric spectropolarimeter, model 
200 S. (The use of this instrument was kindly 
permitted by Prof. M. L. Wolfrom of the Chemistry 
Department, Ohio State University, Columbus, Ohio.) 
The results using the Keston instrument checked very 
well with the results on the Rudolph instrument. 


perature. 
cooled to 0° C. 
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Modified Drude plots of the dispersion data in Fig. 1. 
See text for description of curves A, B, C and 


Fig. 2. 
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The dispersion data were plotted by the method of 
Yang and Doty* as given in the following equation : 
Ma] = Aca] + K () 
(A denotes wave-length in mu, [«] specific rotation," 
the dispersion constant and K the intercept). i 
The modified Drude plots of the dispersion data 
are given in Fig. 2. The partially methylated 
cellulose solubilized at 0° follows the simple one-term 
Drude equation as shown by curve A, Fig. 2. Curve 
D, Fig. 2, is the complex dispersion of this particular 
polysaccharide which had been solubilized at room 
temperature. This solution is very unstable and 
progresses from curve D to curve C (1 hr. in the 
polarimeter tube) to curve B (16 hr. in the polarimeter 
tube). Curve B represents an equilibrium state 
This equilibrium solution may be shaken and the 
original curve D is returned. This anomalous dis- 
persion can be explained on the basis of molecular 
association causing an aggregate which slowly settles 
out of solution leaving the randomly dispersed 
material behind. By analogy with the polypeptid 
studies of Yang and Doty? the linear Drude plots 
(curves A and B, Fig. 2) represent partially methylated 
cellulose randomly dispersed in solution. 
These studies will be further amplified in a 
detailed publication on this phenomenon. 
W. Brock NEE! 


Biochemical Research Laboratory, 
The Dow Chemical Co., 
Midland, Michigan. 
* Doty, P., and Yang, J. T., J. Amer. Chem. Soc., 78, 498 (19 
* Yang, J. T., and Doty, P., J. Amer. Chem. Soc., 79, 761 (19 
* Jirgensons, B., Arch. Biochem. Biophys., 74, 57, 70 (1958); 78 


235 (1958). 
* Winkler, M. H., and Markus, G., J. Amer. Chem. Soc., $1 
1959). 


Deuterium-Hydrogen Exchange between 

Water and Macromolecules: Accessibility of 
Cellulose 

ALTHOUGH many workers have 
exchange reaction of heavy water with macromol 
cules indirectly by the change in composition of the 
water'.*, and by infra-red measurements*-*, only one 
group has reported the measurement of the exchange 
directly by the change in weight of the macromole- 
cules. Burley, Nicholls and Speakman*® measured 
the increase in weight when wool keratin reacted 
with the vapour of heavy water. They used a quartz 
spring balance with a small sample (about 0-1 gm.) 
In the present work, in which the gravimetric method 
was also employed, a much larger sample (about 
6 gm.) was used. The sample was placed in a glass 
cell similar to one used in the measurement of 
adsorption isotherms of water on fibrous macromole- 
cules’. 

The principal problem in the gravimetric method is 
to achieve complete dryness. Recently, the condi- 
tions necessary for obtaining this dryness wert 
determined unequivocally by Lang and Mason* for 
cellulose and by Hvidt and Linderstrom-Lang’ fo 
insulin. Complete drying was obtained in the present 
work by a combination of diffusion and rotary 
vacuum pumps and ‘dry ice’-acetone baths. The 
celluloses (cotton and cotton mercerized in 18 per cent 
sodium hydroxide) were evacuated for a minimum 0! 
72 hr. at 70° C., although there was usually no change 
in weight after 24 hr. 


observed the 





RA 


La 
Mc 





Va 

















No. 4707 


January 16, 1960 


Table 1 
| Monolayer values 
Weight | Heat of (refs. 7 and 9) 
increase wetting} (gm. water/100 gm.) 


| 
} 
eration | and 9) | Brunauer- | ibility 


Cethilose | of deut- | (refs. 7 -| Access- | 
(percent)| (cal. Emmett— | Harkins— | (ref. 10) 
gm.) Teller Jura 
( otton 0-710 12°33 3°19 3-29 0-38 
rcerized | | | 
ytton 1-21 20°25 5-21 5-36 0-65 
tio, M/C 1-71 1-64 1 63 1 -63 | 


Deuterium loading was obtained by keeping the 
celluloses in contact with heavy-water vapour 
99-7 per cent) for several hours, and then evacuating 
to constant weight. After four to six loadings, there 
was no further increase in the evacuated dried weights. 
The process was completely reversed by ordinary 
water vapour, so that there were no ‘resistant’ 
deuteroxyl groups produced*. The percentage gains 
in weight along with other results for the same sub- 
stances’.® are given in Table 1. 

Ineluded in Table 1 are the accessibilities of the two 
celluloses. The accessibility is defined’® as the ratio 
of the number of hydroxyl hydrogens exchanged to 
the total number in the cellulose. The accessibility 
of cotton cellulose to the vapour of heavy water is 
exactly the same as that calculated by Valentine” 
for the amorphous fraction. Valentine based his 
calculations on correlations between infra-red measure- 
ments of celluloses deuterated with heavy-water 
vapour* and water vapour adsorption isotherms’®. 
The present accessibility of cotton cellulose is also 
similar to that for bacterial cellulose’. 

The ratio of the Brunauer-Emmett—Teller mono- 
layer molar values’.* to the moles cf deuterated 
hydroxyls are 0-25 and 0-24 for cotton and mer- 
cerized cotton respectively. This suggests that each 
accessible glucose anhydride unit adsorbs about one 
molecule of water in the complete monolayer. 

Of the three hydroxyls in the glucose unit, two are 
on the-ring and one is on the side-chain. The tenta- 
tive deduction that a maximum of one molecule is 
adsorbed directly on each accessible glucose unit 
suggests in turn that the side-chain hydroxyls’ may 
be the sites of hydrogen bonding’, and that they may 
be exchanged more rapidly than the ring hydroxyls. 
Kinetic experiments in progress appear to support 
the latter hypothesis. 

This work was reported at the annual conference 
of the Chemical Institute of Canada, May 25-27, 
1959, Halifax, N.S. 

Joun L. Morrison 

(‘onnaught Medical Research Laboratories, 

University of Toronto, 
Toronto, Ontario. 
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A Proposal for the Nomenciature of 
Free Radicals 


In the course of preparation of a number of organic 
free radicals for mass spectrometric and electron spin 
resonance studies, it has become apparent that the 
system of nomenclature for organic compounds 
approved by the International Union of Chemistry? 
does not, in many cases, serve to identify a free 
radical unambiguously. As an example, there are 
listed below the possible butenyl radicals, the dot 
indicating the nominal position of the free electron. 
(This is not to imply that the electron is actually 
localized at this site.) 


(1) CH,CH = CHCH, 
(2) CH.CH =CCH, 
(3) CH, =CHCH,CH, } 
(4) CH,=CHCHCH, 
(5) CH, —CCH,CH, 
(6) CH =CHCH,CH, J 


(7) CH, -C(CH,)CH, }-2-methyl provenyl 
(8) CH=C(CH,)CH, , 


p 2-butenyl 


+ 1-butenyl 


The difficulty does not arise with derivatives of the 
radicals ; for example, the chloride of (4) is 3-chloro 
l-butene, and that of (8) is 1-chloro 2-methyl propene. 
When, however, the corresponding ‘free’ radicals are 
considered the system fails for lack of a functional 
group name for the free electron. We propose that 
the ending ‘yl’ be retained for the free radical and 
that the free electron be given the functional group 
name of ‘el’, preceded by a number to indicate its 
position as for any other substituent. Thus the free 
radical (4) becomes 1-butenyl 3-el as distinguished 
from (5) 1-butenyl 2-el. 

The naming of di-radicals would follow the usual 
practice for double bonds ; for example, CH,—CH= 
CH would be called propenyl 1,3 di-el and CH=C= 
CH propadienyl 1,3 di-el. 

A free radical in which the free electron is located 
on a side-chain, such as the (hypothetical) radical 


CH,=CH—CH, —CH—CH=CH, 
CH, 


‘CH, 
would be named in this system (4 ethyl 2-el) 1,5 
hexadiene. 

At present radicals such as (1), (4) and (7) can be 
named as derivatives of allyl; (1) is y-methylallyl, 
(4) is «-methylallyl and (7) is B-methylallyl. These 
names, although useful in indicating the relation of 
these radicals to each other as derivatives of allyl 
by methyl substitution, may cause confusion since 
derivatives of the butenes are sometimes named from 
their relation to a-butylene and $-butylene, in which 
the prefix refers to the position of the double bond 
rather than that of substitution. 


F. P. Losstne 
C. A. McDowEtLu 


National Research Council, 
Ottawa, 
and 
University of British Columbia, 
Vancouver. 
Oct. 9. 
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BIOCHEMISTRY 


Enzymatic Cycle of Inorganic Nitrogen 

in Animal Tissues 

It has previously been demonstrated that oximino 
compounds are widely distributed in organisms’, and 
that two enzymes, named oximase* and transoxi- 
mase*, which participate in oxime metabolism, exist 
in some animals. In pursuing the behaviour of 
hydroxylamine in living cells, we have now estab- 
lished that there is an enzymatic cycle between 
ammonia and nitrate. 

An example of the procedure of preparing the 
enzyme solution was as follows: 30 gm. of hen liver 
were homogenized with 90 ml. of 0-1 M phosphate 
buffer of pH 7-5, and after 30 min. at 35° C., the 
homogenate was centrifuged at 3,000 r.p.m. for 
10 min. at 0° C. The supernatant was treated with 
acetone at —10° C., and the precipitate which was 
produced at 33-55 per cent concentration of acetone 
was gathered by centrifuging at 4,000 r.p.m. for 
7 min. 1 gm. of this precipitate was dissolved in 
20 ml. of water, dialysed against running water for 


3 hr. and centrifuged at 3,000 r.p.m. for 7 min. The 
supernatant was used as enzyme solution ; it contains 
about 0-2 mgm. protein nitrogen in 1 ml. As the 


enzyme is labile, the solution must be prepared daily 
from fresh liver. 

To measure the reducing action of enzyme prepara- 
tion, 1 ml. of 0-001 M substrate was mixed with 
1 ml. of enzyme solution, 1 ml. of 0-013 per cent 
reduced diphosphopyridine nucleotide solution, 0-5 ml. 
of 0-005 per cent flavin adenine dinucleotide solution 
and 0-5 ml. of 0-1 M phosphate 
buffer of pH 7-5. A mixture con- 
taining no substrate served as con- 
trol. The reaction temperature was 
30° C. and the time 20 min. The 
enzymatic activity was determined | 
spectrophotometrically and expressed | 
in decrease (—) of absorption (—log | 
T) at 340 mu. Some of the results ‘ 
obtained are given in Table 1. R 

Nitrate, nitrite, hyponitrite and 
hydroxylamine are thus reduced by 
an enzyme system from hen liver. It 


C —COOH 


NH 


\ 


was further found that the enzymes \ A 


manifest the highest activity at pH 
7-7 and 30° C., and that they are 
completely destroyed by heating at 
50° C. for 5 min. Reduced triphos- 
phopyridine nucleotide and flavin 
mononucleotide do not act as coenzymes for the 
reduction by liver enzymes. 

Recently, hyponitrite reductase was demonstrated 
in Neurospora by Medina and Nicholas‘, and hy- 
droxylamine reductase was extracted from a halo- 
tolerant Micrococcus by Taniguchi, Sato and Egami® 
as well as from Neurospora by Zucker and Nason‘. 


It remains to be seen whether the enzyme system of 


hen liver contains the same reductases as those found 
in microbes. 

For estimating the dehydrogenating action of liver 
enzyme system, the freshly prepared enzyme solution 
was heated beforehand at 40° C. for 5 min., because 
the reductases are more easily inactivated by heating 


Table 1 Repverse AcTION OF LIVER ENZYME SYSTEM 
With- 
“whetrate : NaNO, NaNO, Na,N,O, NH,OH (NH,),50, out sub- 
s‘rate 
log 7 0-105 0-143 0-124 0-122 0-024 —0 022 


/NH,OH + 
| 


R—CHNH,- COOH 


Scheme 


January 16, 1960 y... i; 


Table 2. DEHYDROGENATING ACTION OF LIVER ENZYME SysTrRw 
: . With 
Substrate : (NH,),80, NH,OH Na,N,.O, NaNO, NaNO, out su))- 
strat: 
—log T +0°120 +0-095 0-138 +0-084 +4021 40-01; 
' 
than the dehydrogenase$. The reaction mixture 


consisted of 1 ml. of 0-@01 M substrate, 1 ml. «i 
enzyme solution, 1 ml..§f 0-013 per cent diphos. 
phopyridine nucleotide so§:tion and 1 ml. of 0-05 A/ 
tris-buffer of pH 7-5. The control contained no 
substrate. The increase #+) of —log T at 340 mm. 
was determined after a 28 min. incubation at 30° (. 
Some of the results are given in Table 2. 

Ammonia, hydroxylamine, hyponitrite and nitrite 
are thus dehydrogenated by the liver enzyme 
preparation. The dehydrogenation, however, dovs 
not proceed in a mixture containing phosphate buffe: 
It was further observed that the enzymes display the 
highest activity at pH 7-3-7-5 and 30° C., and that 
they are destroyed by heating at 60° C. for 5 min. 
Triphosphopyridine nucleotide, flavin adenine d 
nucleotide and flavin mononucleotide show no 
coenzymatic action for the dehydrogenation. 

Klausmeier and Bard’ reported recently that an 
ammonium dehydrogenase is present in Bacillys 
subtilis. However, both tri- and di-phosphopyridine 
nucleotide act as coenzymes for the bacterial 
dehydrogenase and ammonium sulphate does not 
serve as its substrate. 

The enzyme solutiori was also prepared fron 
silkworms, and its reducing and dehydrogenating 
actions were studied in the same way. Simi! 
results were obtained. 


H,N,O, — HNO, » 


’ HNO 


y 
4 


NH,OH > H,N,O, - HNO, / 


Kk C COOH ——+ R’—C- COOH 


NOH NOH 
Pd 


! 
’ 
—» k’ CHNH, COOH 
1. Inorganic nitrogen cycle and amino-acid formation 


The combination of inorganic nitrogen eyele and 
amino-acid formation, including the transoximas: 
oximase reaction, can thus be formulated as_ in 
Scheme lI. 

K. YAMAFUJI 
Y. OSAJIMA 
H. OMURA 
Agricultural Chemistry Institute, 
Kyushu University, 
Fukuoka, Japan. Sept. 5. 
* Yamafuji,K., Kondo, H.,and Omura, H., Enzymologia, 14,153 (195: 
* Yamafuji, K., Nature, 167, 770 (1950). Yamafuji, K., Aoki, M., a1 
Omura, H., Enzymologia, 17, 371 (1956). 
* Yamafnji, K., Nature, 171, 745 (1953). Yamafuji, K.,and Eto, 
Enzymologia, 16, 247 (1953). 
* Medina, A., and Nicholas, D. J. D., Nature, 179, 533 (1957). 
* Taniguchi, S., Sato, R., and Egami, F., “Symposium on Inorgan 
Nitrogen Metabolism”, edit. by McElroy, W. D., and Glass, | 
87 (Johns Hopkins Press, 1956). 
* Zucker, M., and Nason, A., J. Biol. Chem., 218, 463 (1955). 
* Klausmeier, R. E., and Bard, R. C., J. Bacteriol., 68, 129 (1954) 
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Cysteine-S-sulphonate as an Intermediate 
in Microbial Synthesis of Cysteine 


‘)HE synthesis of cysteine in micro-organisms from 
inorganic sulphur sources has been studied for some 
time, and the available evidence suggests that sul- 
phate sulphur is reduced to the thiosulphate or 
sulphide state prior to its introduction into the carbon 
chain of cysteine’-*, although some investigators 
have postulated that the formation of sulphur-carbon 
linkage occurs at the sulphite stage*. Working with 
mutant strains of Aspergillus nidulans, Hockenhull? 
suggested that thiosulphate is the form in which 
sulphate sulphur combines with the carbon skeleton. 
Based on the observations that cysteine-S-sulphonate 
supported good growth of all the thiosulphate- 
requiring mutants tested and that growth of these 
strains on thiosulphate was enhanced by the addition 
of serine, he concluded that thiosulphate first reacts 
with serine to form cysteine-S-sulphonate as an 
intermediate and cysteine is formed from the latter 
by hydrolysis. The same possibility was also postu- 
lated by Shepherd‘, although the involvement of 
thiosulphate in the main route of sulphate assimila- 
tion was denied by this investigator. Schlossmann 
and Lynen®, on the other hand, reported the occur- 
rence in yeast of a pyridoxal phosphate-dependent 
enzyme catalysing the condensation of hydrogen 
sulphide with serine to form cysteine. The present 
communication describes more convincing evidence in 
favour of the eysteine-S-sulphonate pathway in A. 
nidulans. 





Table 1 GROWTH OF MUTANTS ON VARIOUS SULPHUR SOURCES 
= nian a 
No. | Sulphur source added 
of _ —_—__—____ 
Group | mut Na,SO, Na,SO,* Na,S,0,* Cyst- Cyst- Meth- 
ants eine* ine ionin 
Wild | 
type | + | 
i } 1 
B 1 
( 6 4 
dD 6 
, Growth , no growth (after seven days). The basal medium 


was supplemented with 100 wgm. per ml. of sulphur compound. All 
imino-acids used were L-isomers. Incubated at 32°C. 
* Sterilized by Seitz filtration. 


Mutant strains of A. nidulans (1.F.0O. Collection 
No. 5713) requiring methionine for growth were 
isolated by Fries’s filtration technique* from conidio- 
spore suspensions exposed to ultra-violet irradiation, 
and 14 stable mutants were obtained from about 700 
The responses of these strains as well as 
that of the parent wild-type strain are summarized 
in Table 1. The basal sulphur-deficient medium 
used in these experiments contained per litre 30 gm. 
glucose, 3 gm. sodium nitrate, 1 gm. dipotassium 
hydrogen phosphate, 0-5 gm. potassium dihydrogen 
phosphate, 0-2 gm. magnesium chloride, 1 ml. of 
trace element solution, and 17 gm. of agar (pH 6-4). 
(The trace element solution contained in mgm. per 
litre: FeCl,.6H,O, 1,000; CuCl,.2H,O, 300; 
MnCl,.4H,O, 72; (NH,),Mo,0,,.4H,O, 40; ZnCl,, 
4.200.) All the growth tests were carried out at 
least twice. The results obtained indicate that the 
mutants can be classified into four groups, namely, 
| B, C and D, according to their nutritional require- 
ments. It appears that the simplest explanation 


isolates. 


for these findings as well as those reported in previous 
work’, may be provided by the following scheme of 
ilphate assimilation : 


NATURE 


A B Cc D 
so,— -80,— »8,0,— +cysteine—|—>methionine 
i) 
cystire 


where the site of block in each group of mutants is 
indicated by A, B, ete. 

Having assumed the correctness of this pathway, 
the mechanism of the incorporation of thiosulphate 
into cysteine was then studied using the 6 strains 
belonging to the C group in which this very reaction 
is genetically blocked. If this step of assimilation 
actually involves cysteine-S-sulphonate as an inter- 
mediate, it is expected that this step is controlled by 
at least two genes. This possibility was examined 
by subjecting the 6 strains to the heterokaryosis test 
on the basal sulphur-deficient medium supplemented 
with 200 ugm. of sodium sulphate and 5 ugm. of 
L-cystine (for heterokaryosis see ref. 7). It was thus 
found and confirmed by repeated experiments that 
one strain (designated as 793) can form heterokaryons 
with any of the other 5 strains (designated as 562, 
611, 649, 721 and 831). No signs of heterokaryosis 
could, however, be detected in any pair of the latter 
5 strains, indicating their genetical identity. 


Table 2. UTILIZATION OF CYSTEINE-S-SULPHONATE BY MUTANTS OF 
THE C GROUP 

| wild 

} Strain | type 


793 562 611 649 721 831 


Growth (mgm. | 


dry wt./15 ml.) | 57°38 | 3-0 49:5 37:3 19-0* 39:3 40:8 | 





Average of four experiments. The basal liquid medium was supple- 
mented with 100 ~gm. of Szitz-sterilized sodium cysteine-S-sulphonate 
per ml. Ineubated at 33° C. for ten days without shaking. 

* This strain showed rather poor growth even in a methionine 
medium. 


Since strain 793 was thus genetically differentiated 
from the other 5 strains of the C group, it seemed of 
considerable interest to study the ability of these 
mutants to utilize eysteine-S-sulphonate for growth. 
The growth experiments were therefore conducted 
in a liquid medium containing 100 ugm. of sodium 
cysteine-S-sulphonate (prepared by a modification 
of the method of Kolthoff and Stricks*) per ml. as 
the sole source of sulphur. The pH of the medium 
was raised to 7-5 to minimize the spontaneous decom. 
position of the sulphur compound. As can be seen 
from Table 2, it was clearly shown that strain 793 
is quite unable to grow in this medium, whereas the 
same medium can support good growth of the other 
5 strains as well as the wild-type strain. These results, 
together with those of Table 1, strongly suggest 
that strain 793 has a genetical block between cysteine- 
S-sulphonate and cysteine and the other 5 strains are 
deficient in the enzyme responsible for the condensa- 
tion of thiosulphate with serine (or other 3-carbon 
compounds) to form the sulphonate. This situation 
will be understandable from the following scheme : 


721,831 793 
>cysteine-S-sulphonate—|—-cysteine 
serine“ 


From the evidence reported in this communication, 
it seems very likely that cysteine-S-sulphonate is 
involved in the normal pathway of cysteine biosyn- 
thesis in A. nidulans. The occurrence of this pathway 
receives further support from the finding that the 
sulphonate can be detected polarographically in a 
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reaction mixture containing a cell-free yeast extract, 
thiosulphate, serine and pyridoxal phosphate’. 
We wish to thank Mr. 8S. Baek for the synthesis of 
sodium cysteine-S-sulphonate. 
Taro NAKAMURA 
Ryo Saro 
Institute for Protein Research, 
Osaka University, Nishi-ku, 
Osaka. Oct. 19. 
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Shape of the Precipitate in 
Immunoelectrophoresis 


iN immunoelectrophoresis, according to Grabai 
and Williams', diffusion of the electrophoretically 
separated antigens towards the immune serum added 
in longitudinal basins parallel to the migration axis 
ifter the electrophoretic separation will result in the 
formation of precipitates in the gel, occupying varying 
positions between antigen and antibody diffusion 
centres as well as varying electrophoretic positions 

These precipitates generally appear as curved lines 
with their convexity towards the antibody diffusion 
centre, because of the immune serum diffusing in a 
straight line in a direction perpendicular to the 
electrophoretic axis, while the antigens diffuse 
from roughly circular diffusion centres in the agar. 
The point of the precipitate which is nearest to the 
antibody basin, the peak of the precipitate, is taken 
to indicate the average electrophoretic position of the 
electrophoretically separated component giving rise 
to this precipitate’. 

In some instances, precipitates are found which 
deviate from the half-moon-shaped symmetrical 
precipitates by presenting varying degrees of curva 
ture or possessing different degrees of asymmetry. 
\lso, precipitates may be found: which have more 
than one peak. It has been found that these different 
shapes of the precipitates are remarkably constant 
for the same precipitating component, when sera from 
normal individuals are investigated under standard 
experimental conditions?.*. 

Grabar*® demonstrated that the y-globulin precipi 
tate in normal human sera, which incidentally appears 
as an extended line rather than a curved half-moon- 
precipitate, “family of 

proteins’, each molecule population with its own 
specific electrophoretic mobility although serologically 
identical. 

; In certain human sera, an extended precipitate is 
obtained in the «,-globulin region, which therefore 
according to Grabar’s findings might indicate the 
presence of two or more molecule populations being 
serologically identical, although presenting differences 
in electrophoretic mobilities. Also, at least two mole 
cule populations with discrete electrophoretic positions 
are present, as indicated, by obtaining a precipitat« 
with two peaks if the separation is prolonged’. 

In other normal human sera either the fast-moving 
molecule population or the slowly moving molecule 


consisted of a 


shaped 
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en 
Fig. 1. Immunoelectrophoresis of mixture of sera belonging to in 
G.c.1:0°1 ml. and G.c.2:0°4 ml. (upper basin) and mixture 
of the same sera in equal amounts (lower basin). To the far left in 


the albumin-precipitate is shown and to the right the starting point m 
and the transferrin-precipitate. The group-specific components 


are indicated by arrows pr 
al 
population is present. Mixture of sera containing di 
the fast-moving and slowly moving precipitating pl 
components in equal amounts will result in the im di 
munoelectrophoretic appearance of a precipitate 
which is extended or presents two peaks, depending hi 
on the separation time and which is indistinguishable d 
from the same precipitate found in certain other 4 
normal sera®. Also, evidence for the genetic inherit- T 
ance of these group-specific components has been el 
found’, p 
If sera belonging to the fast type (G.c.1) and the n 
slow type (G.c.2) are mixed in unequal amounts, te 
for example, in the proportions of 1:4, an asym- 8 
metric precipitate will occur where the peak of the t! 
precipitate is displaced from the midpoint towards n 
the cathode (Fig. 1). In a similar way an asym- rn 
metric precipitate with its peak displaced towards n 
the anode will be obtained if the fast-moving pre- } 
cipitating component is quantitatively predominant c 
in the mixture. y 
This seems to demonstrate that the electrophoretic 
positions of the precipitates can be changed by ' 
quantitative factors. This change of electrophoretic ‘ 
position is even more pronounced if sera belonging i 
to different groups are mixed in the proportions } 
1:10. If the slowly moving precipitating compon ‘ 





Fig. 2. Immunoelectrophoresis of mixture of sera belonging to 

G.c.1:0-01 ml. and G.c.2: 0-1 ml. (upper basin) and mixture of the 

same sera in reversed proportions (lower basin). To the far left 

the albumin-precipitate is shown and to the right the transferrin 

precipitate. Differences in electrophoretic positions of group- 
specific components are indicated by arrows 
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Fig. 3. Immunoelectrophoresis of mixture of sera belonging to Hp 1-1 and 2-2 in the same amounts (upper basin) as compared 
to haptoglobin-precipitate of a serum belonging to Hp 2-1 (lower basin). By means of an absorption technique only the hapto- 
globin-precipitates appear in the a,-globulin region 





ent is quantitatively predominant in the mixture, 
immunoelectrophoresis will demonstrate a precipitat- 
ing component occupying an electrophoretic position 
more towards the cathode than if the fast-moving 
precipitating component is quantitatively predomin- 
ant in the mixture (Fig. 2). None the less, the 
differences are not as pronounced as when the 
precipitates of unmixed sera belonging to these two 
different groups are compared. 

With the haptoglobins, results of a similar nature 
have been obtained. These proteins have been 


demonstrated to present a considerable degree of 


‘microheterogeneity’ in starch-gel electrophoresis. 
Three main groups can, however, be readily differ- 
entiated in starch-gel electrophoresis*, agar-gel electro- 
phoresis? and immunoelectrophoresis® although im- 
munologically identical'®. Mixture of sera belonging 
to Hp 1-1 and 2-2 in equal amounts resulted in a 
single line in immunoelectrophoresis, not occupying 
the same electrophoretic position, however, as the 
normally occurring heterozygote Hp 2-1, but being 
more displaced towards the anode (Fig. 3). If the 
mixtures consist of unequal amounts of these 
homozygotic haptoglobin groups, varying degrees 
of asymmetry and displacement of the precipitates 
will be observed (Fig. 4). 

Therefore, it seems as if the shape of the precipitates 
might serve as a valuable method of characterization 
of certain precipitating components and also that 
information will be obtained as to degree of ‘micro- 
heterogeneity’ of proteins, being at least from the 
serological point of view characterized as homogeneous 
and where also proof of heterogeneity is not obtained 
by conventional electrophoretic methods. Also, the 





ig. 4. Immunoelectrophoresis of mixture of Hp 1-1: 0-4 ml., 

nd Hp 2-2: 0-1 mi. (upper basin) and in reversed proportions 

lower basin). By means of absorption, only the haptoglobin- 
precipitates are visible in the a,-globulin region 








electrophoretic position of precipitates might be 
regarded as a reflexion of the average distribution of 
serologically identical molecule populations in the 
electrophoretic field, whereas the shape of the pre- 
cipitates might indicate the quantitative distribution 
or scatter of molecule populations in the electro- 
phoretic field from a serological point of view. 

However, also other factors might affect the shape 
of the precipitate, for example, tailing phenomena 
and ratio of molecular weights between the reactants 
participating in the precipitate formation". Finally, 
it must be pointed out that a serological identity- 
reaction might result between components which are 
not identical when other immune sera are used to 
develop the precipitates. This has been observed for 
some precipitating components in human sera and 
it seems as if different immune sera might be able to 
show varying degrees of reactivity with different 
antigenic components. In these instances an extended 
precipitate might be expected to show a resolution 
into two or more normally arc-shaped precipitates 
with suitable immune sera!?. In the above-quoted 
examples, however, no evidence has as yet been 
obtained for serological differences within the hapto- 
globins or the other group-specific system although 
investigated against about 40 different immune sera 
prepared on rabbits and one prepared on horse. 

JAN HIRSCHFELD 
Department of Bacteriology, 
Karolinska Institutet, 
Stockholm, 60. 
State Bacteriological Laboratory, 
Stockholm. 
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An Anthocyanin-decoiorizing System in| 
Sour Cherries 
THE anthocyanins of many fruits contribute to 
their attractiveness and appeal. In the course of a 
general study of the anthocyanins we have measured 
the accumulation of anthocyanins together with the 
activity of an anthocyanin-decolorizing system in 
Montmorency and English Morello sour cherries’. 
Anthocyanin-decolorizing systems have previously 
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Table 1. ANTHOCYANIN-DECOLORIZING ABILITY AND ANTHOCYANIN 
ACCUMULATION IN MATURING SOUR CHERRIES 
Montmorency English Morello 

Date Antho- Antho- 

picked Decoloriz- | cyanin* cyanin*® 

1959 ing ability | accumula- Decoloriz- accumula- 
(units/gm.) tion (O.D. ing ability | tion (O.D. 


at 510 my) | (units/gm.) | at 510 my) 





May 29 2,740 0-515 3,200 } 0-875 
June 9 4,950 5,580 — 
June 19 4,680 6,080 

July 2 3,790 1-30 . — 
July 9 11-0 
July 15 4 21-9 65-4 
July 24 4, 24-2 114-0 
Aug. 4 2 16-4 101-0 
Aug. 19 3,000 14°4 113-0 





* Calculated as the O.D. of extract from 1 gm. dry weight of cherries 
dissolved in 1 ml. of solution. 





been reported in leaves** and these, in common 
with the system found in cherries, apparently involve 
the action of an oxidizing enzyme. 

The activity of the anthocyanin-decolorizing 
system was assayed as described by Wagenknecht 
et al.® using cyanidin-3-rhamnoglucoside* as the sub- 
strate The enzyme was supplied as 0-5 ml. of a 
homogenate containing 20 per cent wet weight of 
pitted cherries. The results are expressed as units 
per gm. dry weight of cherry tissue. Anthocyanin 
accumulation in the cherries was measured by heating 
pitted cherries in McIlvaine buffer’, pH 3-4, to 71-1 
C., homogenizing in a blendor, filtering and diluting 


the extract with buffer as needed for measurement of 


absorption at 510 mu. Results were converted to 
optical density per ml. of extract per gm. dry weight. 
Cherries were harvested from late May until the 
middle of August. 

The ability of homogenates of Montmorency and 
English Morello cherries to catalyse the decoloriza 
tion of cyanidin-3-rhamnoglucoside increased rapidly 
with the age of the cherries up to a period of maximal 
activity and then decreased as the cherries became 
mature (Table 1). The peak activity of the 
Montmorency sour cherries occurred about a month 
earlier than that found with the slower maturing 
English Morello variety. With both varieties the 
highest anthocyanin-decolorizing ability was detected 
when the cherries had accumulated relatively littie 
red pigment. 

The accumulation of anthocyanin (Table 1) con 
tinued throughout the experimental period in the 
ase of the English Morello cherry, but accumula- 
tion of pigment in the Montmorency cherry reached a 
naximum several weeks before the experiment was 
t nded. 

In order to obtain maximum decolorization by the 
herry homogenates it is necessary to add catechol 
to the reaction mixture®. In the course of the investi- 
vation reported here it was found that this was true 
There was a differ- 


more 


throughout the sampling period. 
ence between cherry varieties with regard to the 
amount of activity retained when catechol was not 
included in the reaction mixture. Upon the omission of 
catechol English Morello homogenates retained 33 per 
cent of their decolorizing activity while Montmorency 
only 20 per cent of their 
catechol was included. This 
two varieties having different 
amounts of substances, such as polyphenols, which 
might play a part similar to that of catechol in 
promoting the decolorization of anthocyanin. 
telatively greater anthocyanin-decolorizing ability 
in those tissues which accumulated the 


homogenates retained 
activity found 


be due to 


when 
may the 


was found 
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greatest amount of anthocyanin. For example, the 
more heavily pigmented English Morello cherries 
were more active than the Montmorency cherries. 
In both varieties the activity of the skins was greater 
than that of the less highly pigmented flesh. It is 
not yet known if this relationship has any significance 
with respect to anthocyanin synthesis. 


J. P. Van BuREN 
D. M. ScHEINER 
A. C. WAGENKNECHT 


New York State Agricultural Experiment Station, 
Cornell University, 
Geneva, New York. 
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* Nagai, I., Bot. Mag. Tokyo, 31, 65 (1917); 
(1918). 
* Paech, K.., 
* Bayer, W., and Wegman, K., Z. 
* Wagenknecht, A. C., Scheiner, D. M., 
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Polysaccharide Composition of Leaves 


PiuM leaves (Prunus domestica) contain sufficient 
amounts of starch, cellulose, hemicellulose, and pectic 
substances to recommend them for studies of the 
biosynthesis and possible inter-relationships of these 
leaf polysaccharides and their monosaccharide pre 
cursors'. Experiments involving photosynthesis by 
plum leaves in carbon dioxide labelled with carbon-14 
and subsequent fractionation of the leaf polysaccha 
ides revealed marked differences, both in the extent to 
which carbon-14 was incorporated into the different 
fraction, and also in the 
monosaccharide — fror 


monosaccharides of each 
specific activities of each 
different fractions®*. Further 
be facilitated by using leaves relatively richer than 
plum leaves in any one polysaccharide constituent 

There is little information on this point, consequent! 
a diversity of leaves has been examined for polysa: 

charides (Table 1). 

The leaves of wheat and gooseberry were picked in 
July, those of ali other species were gathered during 
the afternoons in August and early September, and 
immediately immersed in ethanol. After exhaustive 
extraction with methanol, the leaf 
hydrolysed (N sulphuric acid at 100° for 16 hr.) and, 
after neutralization (barium carbonate), the products 
examined on paper chromatograms in two solvent 
systems (ethyl acetate/acetic acid/water, 9:2:2; 
butan-1-ol/pyridine/water, 10: 3:3 parts v/v)'. The 
relative amounts of the monosaccharides present in 
each hydrolysate were estimated visually from th 
size and intensity of the spots revealed on chromato 
grams with ammoniacal silver nitrate and p-anisidine 
hydrochloride. The presence of small amounts 0! 
acid-stable aldobiouronic acids was noted in some of 
the hydrolysates. Neither glucurono-1 —- 4-lacton 
nor hexuronic acid monomethyl ether was detected, 
thus suggesting that galacturonic acid was the major 
acid component. No attempt was made to study 
seasonal or diurnal variations in composition, or to 
determine the amount of fructan, if any, or cellulose 
present in the leaves. 

For the species so far investigated, the leaf poly 
saccharides were composed of a variety of monosac- 


investigations could 


residues were 
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Table 1. 
| 

Family Species | Galactose 
— _ - - - - _— _ —= = ee | ——ee 

Taxaceae Taxus baccata (yew) + 

Pinaceae Picea abies (Norway spruce) | t 

| Pinus sylvestris (Scots pine) | +(+) 
| Pseudotsuga tazifolia (Douglas fir) + 
Cedrus atlantica (Mt. Atlas cedar) | t 


Sequoia sempervirens (redwood) 
| Cupressus lawsoniana (Lawson cypress) 
Thuja orientalis (Chinese arbor vitae) 


Taxodiaceae 
Cupressaceae 


Fagaceae Fagus sylvatica (common beech) + 
Quercus pedunculata (English oak) + 
Crassulaceae Sedum acre (wall pepper) + 


Rosaceae Pyrus malus (apple, var. Bramley 

seedling) 
Pyrus communis (pear, var. Conference) + 
Prunus domestica (plum, var. Victoria) 
Rubus fruticosus (cultivated bramble) + 
Sorbus aria (white beam-tree) +(+) 
Ribes uva-crispa (gooseberry ) 

Vicia faba (broad bean) 
Phaseolus vulgaris (runner bean) 

Trifolium pratense (clover) +(+) 
Pelargonium hortorum (cultivated 

‘geranium’) 
Ricinus communis (castor oil plant) 

Ilex aquifolium (holly) 


Sax ifragaceace 


Leguminosae 


Geraniaceat 


Euphorbiaceae 
A quifoliaceac 


Hippo- 
castanaceat Aesculus hippocastanum (horse chestnut) 
Araliaceae Hedera heliz (ivy) 
Labiatae Mentha gentilis (cultivated mint) 
Salvia officinalis (cultivated sage) +(+) 
Gramineae Triticum aestivum Svenno (wheat) t 


* In order of increasing magnitude the symbols are : 


charide units, galactose, glucose, arabinose, xylose 
and hexuronic acid being common to them all and 
mannose and rhamnose frequently occurring in trace 
in the hydrolysates probably 
arose from starch which, as expected, was predomin- 
ant in the leaves of many species, including cedar, 
bean, mint, and Pelargonium. Only in Scots pine 
mannose found in more than trace 
amounts. Plum leaf polysaccharides were typical 
of the Rosaceae examined, with roughly 
similar amounts of hexose and pentose components. 
Of particular interest for biosynthetic studies, how- 
ever, were those leaves rich in pentans. For example, 


amounts. Glucose 


needles was 


species 


arabinose and xylose together formed a large part of 


oak and holly leaf polysaccharides, the latter appar- 
ently consisting almost entirely of xylan and the pectic 


substances, while xylan was a major component of 
; J 


wheat and beech leaves, and in yew and Thuja 
orventalis the araban component was predominant. 
Wheat plants have already been used successfully 
) investigate xylan and cellulose biosynthesis‘, and 
the results presented here indicate the utility of other 
species for studies of polysaccharide metabolism. In 
this respect further studies are in progress. 
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RELATIVE AMOUNTS* OF MONOSACCHARIDES DETECTED IN LEAF POLYSACCHARIDE HYDROLYSATES 
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PHYSIOLOGY 


Effect of Cytotoxic Agents on Antibody 
Production 


Ir has long been known that antibody-production 
may be inhibited by certain cytotoxic agents, for 
example, X-radiation, benzene and mustard gas’. 
More recently, the number of agents reported to have 
this effect has been extended to include cortisone’, 
nitrogen mustards*, colchicine’, deoxypyridoxine’, 
8-azaguanine*, carcinogens’, (§-3-thienyl- 
alanine*, 6-mercaptopurine® and amethopterin”. 
Many of these are potent anti-tumour compounds. 

The immune response produced by the uptake and 
catabolism of antigen may be divided into: (1) the 
induction phase, usually lasting some days, during 
which antibody is not produced ; (2) the production 
phase, in which antibody protein is synthesized and 
released. X-rays and cortisone inhibit the immune 
response mainly by acting on the induction phase, 
although they may also affect phagocytosis. If 
exposure to these agents is delayed until antibody- 
synthesis is proceeding, their effect is diminished or 
absent!™'. There is evidence that mustards'* and 
6-mercaptopurine® behave similarly. Since these 
agents strongly inhibit nucleic acid synthesis, and 
particularly synthesis of deoxyribonucleic acid, 
and have much less effect on protein synthesis, these 
observations are relevant to the widely held belief 
that the induction phase is concerned with antigen- 
induced changes in nucleic acid metabolism". 

With other agents inhibiting the immune response, 
most work has involved repeated injections of agent 
or antigen or both, so that the critical time of the 
agent’s action is obscured. Such substances as 
8-3-thienylalanine and deoxypyridoxine, which 
require special dietary conditions for their action, 
probably inhibit the immune response largely by 
interfering with the production of protein, and 
their anti-tumour action also is probably mainly 
nutritional. 


various 

















168 
Table 1 
e | | Titres (log,) 
Compound | | cna, / | Deaths 1T —_———— 
| kgm.) Test | Control Difference 
Group A | | 
| Amethopterin 20 | 25 9 7 | +2 | 
| 8-Azaguanine —_ 3/5 8 7 | +1 | 
Chlorambucil i; Ob | 8 | 10 2 
Daraprim 700 3/5 fie © en 
6-Mercaptopurine 150 1/5 3 | 7 | -4 
Methyl acetamide 2.750 | 1/5 9 | 8 | +1 
Methyl bis(8-chloro- | | | 
ethyl)amine | 24) 25 | 8 , | 1 
Methyl! formamide 5,000 | 1/45 | 8 8 0 
Ribonuclease }2500 | O/5 6 8 2 
Stilbeestrol 11,000 | 3/5 7 8 l 
Triethylene | 
melamine 2 | 2/5 | s —3 
Urethane 1,250 1/5 9 8 l | 
Group B 
8-Azaxanthine | 3,000 3/5 7 8 1 
Benzimidazole 600 3/5 ” 8 + 1 
Boric acid 2,500 3/5 Q 3 1 
Caffeine 200 1/5 8 8 0 
Deoxy pyridoxine 275 1/5 8 8 0 
p-Glucosamine 8,000 3/5 7 - 1 
Methyl carbamate 1,000 1/5 6 7 l 
Ovalbumin (hen) 2,500 0/5 7 7 0 
Potassium cyanide 7°5 1/5 8 8 0 
Serum albumin 
(bovine) 2,500 0/5 8 7 l 
Streptomycin 
sulphate 750 2/5 8 7 1 
8-2-Thienylalanine 5,000 1/5 9 8 1 


It was thought that investigations along these lines 
might throw further light both on the initiation of the 
immune response and on the mode of action of anti- 
tumour compounds. A wide range of substances was 
therefore examined, by administering simultaneously 
single doses of substance and antigen, and titrating 
antibody 10 days after the injection. By this 
timing it was hoped to identify substances that 
interfere with the induction phase of the immune 
response and do not act simply by impairing protein 
synthesis. 

Male A2G mice, weighing 17-25 gm., were 
single subcutaneous injections of the compounds 


studied and, immediately afterwards, 0-2 ml. T.A.B. 
vaccine intraperitoneally. were 


given 


The compounds 
dissolved or suspended in 0-85 per cent saline or, when 
appropriate, in arachis oil. Controls received 1 ml. 
saline or arachis oil. Ten days later serum from 
groups of 5 mice was pooled and titrated for Salmon- 
ella typhi H-agglutinins. Titres are expressed in 
Table 1 as logarithms to the base 2, and a reduction 
of 2 in titre was regarded as significant evidence of 
inhibition. 

Each compound was tested at several dose-levels 
and, except for the proteins, which present difficulties 
in this respect, the range included doses that killed 
@ proportion of the animals. Table 1 gives only the 
results obtained at the higher end of this range. 
Published toxicity-levels were only a rough guide to 
dosage, owing partly to concurrent administration 
of vaccine. Colchicine, for example, could not be 
tested satisfactorily; its DD50, normally 1-75 
mgm./kgm. in these mice, was 0-35 mgm./kgm. when 
the vaccine was given simultaneously. 

In Table 1 group A consists of compounds that are 
used clinically against human tumours, leukemia 
or polycythemia vera or that are undoubtedly 
effective against transplanted animal tumours without 
requiring special dietary conditions. Group B are 
not effective antitumour agents as judged by these 
criteria. 

Of the 24 compounds, 
antibody-production. All were in group A. 


five significantly reduced 
Four 
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of these are clinically useful in human malignant 
disease. The fifth, ribonuclease, is said to be active 
against various mouse tumours™, but there has been | 
no published report of its effect on human neoplasms. 
No compound ineffective against tumours ever caused 
significant impairment of antibody-production under 
the conditions of this experiment, although most of 
them were tested almost to the limit of tolerance. 

Some of the group A compounds inhibited antibody- 
production in non-lethal doses, whereas group B 
included compounds that were ineffective in doses 
that killed most of the animals. It is therefore unlik 
that the inhibition of the immune response was due 
to general toxicity. In fact, the doses were such 
that the same proportion of deaths occurred in both 
groups. 

Ribonuclease appears of special interest, but, since 
it is itself an antigen, the possibility that it acts heré 
by ‘antigenic competition’ cannot yet be excluded, 
although the other proteins tested failed to inhibit 
antibody production. Deoxyribonuclease, 1,000 
mgm./kgm., had no effect on the antibody titre. 

These preliminary results suggest that this experi 
mental system may provide a useful adjunct to other 
methods for screening anti-tumour compounds. 

[ thank Prof. P. C. Koller for a gift of chlorambucil 
and Mr. W. A. Cope for technical assistance. 
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Influence of Insulin on the Incorporation 
of 2-'C-Sodium Pyruvate into Glyceride 
Glycerol in Diabetic and Normal Baboons 


f 


DEPANCREATIZED baboons, deprived of insulin fo: 
4 days, develop a lipemia and a fatty liver, which 
may contain 34 per cent of fat when estimated on a 
wet-weight basis'*. The lipemia in diabetic rats 
has generally been attributed to mobilization of { 
from the depots. In the baboon, the severity of the 
lipemia and the degree of fat accumulation in the 
liver, particularly in young animals with poorly 
developed fat depots, suggested that the fat was not 
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mobilized only from the depots, and this warranted 
a re-investigation of the origin of the fat in the liver 
and in the plasma. In this communication it is 
proposed to report on the incorporation of 2-"C 
sodium pyruvate into the glyceride glycerol in a 
normal baboon and in depancreatized baboons either 
receiving insulin or deprived of insulin. 
Five animals were used in this study. 
data on the animals are given in Table 1 


General 


Table 1. DATA ON EXPERIMENTAL BABOONS 
| 


| | Duration of 


Baboon; Age Weight | Sex Treatment pancreat- 
(yr.) (kgm.) ectomy 
140 | + 6-7 14 F | Normal — 
122 6 12-7 F Depancreatized 7 months 
on insulin 
56 6 20 M Depancreatized 
| without insulin | 24 years 
| 448 | 3 il M Depancreatized 
| without insulin | 24 months | 
| 40 } 3} 8-1 | M Depancreatized 
| 


| | Without insulin| 9 months 


During the course of the experiment, baboons 355, 
448 and 403 received no insulin for 96 hr. Each 
animal received a total of 500 ue. of 2-“C sodium 
pyruvate (supplied by the Radiochemical Centre, 
\{mersham) in three divided doses injected intraven- 
ously as a saline solution over a period of three days. 
6 hr. after the last pyruvate injection blood was 
drawn for the isolation of serum lipids ; at the same 
time, samples of liver and depot fat were removed 
ind extracted for fats. The triglyceride fractions of 
the fats were separated by chromatography on 
silicic acid. The triglycerides were hydrolysed by 
boiling with alcoholic potassium hydroxide. After 
extraction of the fatty acids with ether, the glycerol 
was isolated from the aqueous fraction as glycerol 
tribenzoate. The substance was recrystallized from 
methanol and the purity of the material was checked 
by melting point determination. A further check 
on the purity of the material was obtained from the 
wet combustion to carbon dioxide according to the 
method of van Slyke, Plazin and Weisiger*. All 
samples were counted as barium carbonate with a 
proportional gas counter. Details of the method 
used for plating and counting will be published 
shortly. 

The results of the incorporation of carbon-14 into 
the glyceride glycerol of serum, liver and depot fat 
in the five baboons are shown in Table 2. We have 
demonstrated that it is possible to calculate, with 
a reasonable degree of accuracy, the. specific activity 
of the glycerol from the observed total activity of the 
inhydrolysed triglyceride fraction after deduction 
of the activity due to the fatty acids. As limited 
amounts of triglycerides were obtained from the 
serum of baboons 422 and 440, we have no information 


Table 2, SPECIFIC ACTIVITIES OF GLYCERIDE GLYCEROL OF SERUM, 
IVER AND DEPOT FAT (COUNTS/MIN./MM) OF DEPANCREATIZED 
BABOONS AFTER ADMINISTRATION OF 2-"C SODIUM PYRUVATE 


” 


Baboon ms | | i ey 
No. | Treatment | Serum | Liver | De pot fat | 
5: Depancreatized ie 62 916" 73,.268* a 3,98 56% 
| without insulin 63,6 az 2,484 
448 Depancreatized 99,544 | 13, 064 
| Without insulin 
403 | Depancreatized 120,888* | 111,504* | 6,532 
| _without insulin 113 44! ) 
422 Depancreatized | 
on insulin i_-— | 0 0 | 
440 Normal | | Oo | 


| 0 


* Calculated, 
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on the radioactivity incorporated into the glycerol 
in these cases. However, the evidence is very 
suggestive that the levels in the serum reflect those 
in the liver and we suspect that the radioactivity in 
the glyceride glycerol of the serum in these two 
baboons was low. 

Attention is directed to the following experimental 
findings: (1) Carbon-14 is markedly incorporated 
into the glyceride glycerol of the liver and plasma 
and to a much lesser extent into the glycerol of the 
fat depots (Nos. 355, 448 and 403, Table 2). (2) The 
administration of insulin to the depancreatized 
baboon completely blocks the incorporation of 
carbon-14 into the glycerol of liver and depot fat 
(No. 422, Table 2). (3) Incorporation does not occur 
in the normal baboon (No. 440, Table 2). (4) The 
extent of the incorporation is the same in the glyceride 
glycerol in the serum and in the liver of depancreat- 
ized insulin-deprived baboons, as determined by 
experiment or by calculation (Nos. 355 and 403). 
(5) The extent of incorporation is from 30 (No. 355) 
to 200 times greater (No. 403) in the liver glycerol 
than in the fat depots. 

These observations, taken in conjunction with 
others relating to the fatty acids (unpublished results), 
would seem to indicate that if fat is mobilized from 
the depots it is not mobilized as triglycerides of the 
depots but is hydrolysed before entering the circula- 
tion. Furthermore, the close correspondence between 
the glycerol in the liver and serum would suggest 
that the triglycerides of the serum are derived from 
the liver and not primarily from the depots. The 
blocking effect of insulin on the synthesis of glycerol 
from pyruvate or from metabolites derived from 
pyruvate is a noteworthy phenomenon. 

We wish to express our appreciation to Mrs. R. 
Agulhas, Mr. D. Stirling and Mr. L. Notha for 
technical assistance. 

N. SAVAGE 
J. GILLMAN 
C. GILBERT 


Department of Physiology and Joint Nutrition 
Research Unit of the C.S.I.R. and of the 
University of the Witwatersrand, 
Johannesburg. 
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Action of Thyroxine Analogues on Frog 
Melanocytes 


TuE melanocyte-stimulating hormones and caffeine 
darken frog melanocytes by causing dispersion of 
melanin granules throughout the cell. While the 
end effect of these two substances on melanocyte 
opacity is the same, there are several differences in 
the way melanocyte-stimulating hormone and 
caffeine bring abovt dispersion. Lightening of 
melanocytes is produced by aggregation of melanin 
granules towards the centre of the cell. We found 
that triiodothyronine was an effective lightening 
agent of frog skin previously darkened by melanocyte- 
stimulating hormone but had no action on caffeine- 
treated skin. Because of this result we decided to 


test thyroxine and triiodothyroacetic acid for lighten- 
ing properties. 
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Skin from the legs and thighs of eight frogs (Rana 
pipiens) was mounted on rings' and arranged in four 
comparable groups as follows : 

Group A LLgl LTh2 RTh3 RLe4 LLg5 LTh6 RTh7 RLgSs 

Group B RLgl LLg2 LTh3 RTh4 RLgS5 LLg6 LTh7 RThS8 

Group ¢ RThil RLe2 LLg3 LTh4 RTh5 RLg6 LLg7 LThs 

Group D LThi RTh2 RLg3 LLg4 LThS RTh6 RLe7 LLes 
L, left; R, right; Lg, leg; Th, thigh. 

Before any observations were made, all skin speci- 
mens were soaked in four changes of frog Ringer’s 
solution for 2 hr. Each specimen was maintained 
in 20 ml. of Ringer’s solution throughout the 
experiment. Changes in the skin were measured 
with a photoelectric reflexion meter'. The _ initial 
reading of each sample was taken as its individual 
base-line, and increase or decrease in reflectance was 
measured from this. 

Two groups were treated with 7-5 units of melano- 
cyte-stimulating hormone per 20 ml. Ringer’s solution, 
and two groups were treated with 20 mgm. of caffeine 
per 20 ml. Ringer’s solution. These quantities of 
melanocyte-stimulating hormone and caffeine pro- 
duced approximately the same degree of darkening. 
The melanocyte-stimulating hormone had been made 
from bovine posterior pituitary powder'. 

Pronounced darkening occurred in all groups and 
was followed as a decrease in reflectance for 60 min. 
At this time sodium triiodothyronine was added to 
one group treated with melanocyte-stimulating hor- 
mone and to one group treated with caffeine. The 
final concentration of the hormone was 5 ugm. per ml. 
Changes in reflectance were followed for 50 min. more. 
As shown in Fig. |, marked lightening occurred in the 
group treated with melanocyte-stimulating hormone 
following the addition of triiodothyronine. There 
was no change in the group treated with caffeine. 

The experiment was repeated using thyroxine as 
the sodium pentahydrate salt and triiodothyroacetic 
acid as the diethanolamine salt. Again marked 
lightening occurred in the groups previously treated 
with melanocyte-stimulating hormone but not with 
those treated with caffeine. 
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Fig. 1. The effect of triiodothyronine on melanocyte-stimulating 
hormone- and caffeine-darkened frog skin. Four comparable 
groups of skins were darkened, two with melanocyte-stimulating 
hormone and two with caffeine. Decrease in reflectance was 
followed. After 60 min. triiodothyronine (5 «gm./ml.) was added 
to one melanocyte-stimulating hormone- and to one caffeine-treated 
group. Triiodothyronine reversed the darkening action of 


melanocyte-stimulating hormone but not that of caffeine 
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The minimum amount required to initiate lighten. 
ing was 0-5 ugm. per ml. of sodium triiodothyronine, 
1-5 ugm. per ml. of thyroxine sodium pentahydrate 


and 25 ugm. per ml. of the diethanolamine salt of 


triiodothyroacetic acid. These potency ratios are in 
approximate agreement with those representing the 
thyroid hormone actions of these compounds as 
measured by inhibition of iodine uptake*. 
Melatonin, noradrenaline, serotonin and hydro. 
cortisone can reverse the darkening actions of both 
melanocyte-stimulating hormone and caffeine. The 
only compounds known to reverse the melanocyte- 
stimulating hormone effect but not that of caffein 
are acetylcholine and thyroxine and its two analogues’. 
This investigation was supported by a grant fro: 
the United States Public Health Service. 
M. Ruts WricH1 
Aaron B. LERN1 
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Immunochemical Observations on 
Antisera to Purified Human Growth 
Hormone 


RECENTLY, Hayashida and Li' and Read? have 
reported that purified preparations of human growth 
hormone were antigenic when injected with adjuvants 
into rabbits. Serum antibodies were demonstrated 
by the precipitin ring test! and by a modification* 
of the tanned cell hemagglutination method of 
Boyden’. It was also shown that the rabbit antiserum 
inhibited the biological activity of human growth 
hormone’. Read? has employed rabbit antiserum to 
measure the concentration of growth hormone in 
human serum by the hemagglutination—inhibition 
reaction’,*. It seemed essential in assessing the 
specificity of this method to investigate the purity 
of the antigen and the specificity of the antisera. 
In this report immunochemical evidence is presented 
which confirms that human growth hormone is a 
potent antigen. In addition, results were obtained 
which indicate that the Raben preparation of human 
growth hormone’ is a highly purified antigen. 

A relatively potent antiserum was prepared by the 
injection of rabbits with human growth hormone 
prepared by Raben (Homo No. 6) according to the 
following schedule': 2 mgm. of human growth 
hormone in complete Freund’s adjuvant (Difco) was 
injected both subcutaneously and intraperitoneally 
on the first and third weeks ; on the fifth week human 
growth hormone was suspended in 1 per cent potas- 
sium alum* and 1 mgm. was injected by both thi 
subcutaneous and intraperitoneal routes. The total 
amount of antigen was 10 mgm. per rabbit. Tl 
individual rabbit antisera were preserved by th 
addition of 1 per cent merthiolate to a final concentra 
tion of 1 : 20,000 after passage through a ‘Millipor 
filter. 

The immunological specificity of the reactants was 
studied (1) by passive hemagglutination and tli 
hemagglutination—inhibition reaction using tanned 
sheep erythrocytes conjugated with human grow!! 
hormone*; (2) by the double diffusion gel plat 
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technique of Ouchterlony as modified by Halbert 
et al.?; (3) by the Preer micromethod® for double 
diffusion in agar ; (4) by Scheidegger’s micromodifica- 


tion? of the immuno-electrophoresis procedure of 


Grabar and Williams; and (5) by the quantitative 
precipitin method, the nitrogen content of the 
precipitates being determined by the Markham micro- 
Kjeldahl method*. Human growth hormone from 
the same lot (Homo No. 6) was employed in experi- 
ments in Read’s and in our laboratories. 

The passive hemagglutination titres of individual 
rabbit antisera ranged from 1/6,400 to 1/51,200. As 
little as 1-35 myugm. nitrogen of antigen was detect- 
ible by Read’s modification of the hemagglutination 
inhibition reaction. A single band of precipitation 
was obtained in Ouchterlony plates when undiluted 
antiserum was tested against dilutions of human 
growth hormone of 1 mgm./ml. to 10-2 mgm./ml. 
Che intense band was completely removed following 
absorption of antiserum with human growth hormone. 
Complete fusion of single bands was demonstrated 
when antiserum was set up against 500 ugm./ml. 
dilutions of Raben’s human growth hormone and 
Li’s human growth hormone”, a crude preparation 
of human pituitary, and simian growth hormone. 
No spur formation to indicate partial identity was 
found. A band of precipitation was not detected 
in the agar plates against 2 mgm./ml. of human 
adrenocorticotrophic hormone (Organon), bovine 
growth hormone, human chorionic and menopausal 
gonadotropins, or samples of unabsorbed human 


serum. Similarly, in studies of the antisera and of 


purified human growth hormone and crude pituitary 
extract, and of simian growth hormone by the Preer 
method, a single disk-like band of precipitation was 
obtained ; the equivalence point was noted at a 
half dilution of antiserum against 62-5 ugm./ml. of 
human growth hormone (Fig. 1). 

Investigation of the reactants by the immuno- 
electrophoresis procedure showed, in experiments 
in which the anti-human growth hormone serum was 
added to a longitudinal central trough and 500 
:gm./ml. of human growth hormone to one lateral 
well and 1 mgm./ml. of a crude pituitary extract 
to the other lateral well, a single are of precipitation 
against each preparation (Fig. 2, bottom). In this 








Fig. 1. Preer tubes with rabbit anti-human growth hormone serum 

in dilutions (from left to right) of undiluted, 4, 4, 4 and ,, in 

which the concentration of growth hormone added to the tubes 

was kept constant at 62-5 ~gm./ml. Equivalence point at }$ dilu- 
tion of antiserum with single band of precipitation 
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Fig. 2. Top, immuno-electrophoretic precipitin pattern of human 
sera (upper well) with horse hyperimmune anti-human serum (Paris 
serum \o. 491). No reaction noted between human growth hor- 
mone (lower well) and ‘Paris serum’ (longitudinal trough) 
Bottom, immuno-electrophoretic precipitin pattern of human 
growth hormone (500 ~gm./ml.) (lower well) with rabbit anti- 
serum (longitudinal trough) No reaction of antiserum with 
human adrenocorticotrophic hormone (2 mgm./ml.) (upper well) 


system human growth hormone exhibited the relative 
mobility of a slow $-globulin. The antigen did not 
react with horse hyperimmune anti-human serum 
(Fig. 2, top) or rabbit anti-human globulin. These 
studies indicate that contamination of purified human 
growth hormone with serum proteins is negligible. 
Since antibodies to human growth hormone were not 
detected in the Paris anti-human serum, it is quite 
reasonable to assume that the amount of human 
growth hormone contained in normal human serum 
is insufficient to elicit antibodies in the horse. The 
lack of cross-reaction between human growth hormone 
antiserum and human adrenocorticotrophic hormone 
(2 mgm./ml.), bovine growth hormone (1 mgm./ml.). 
and several human sera was confirmed by immuno- 
electrophoresis. Interestingly, the single, smooth, 
narrow are of precipitation found with simian growth 
hormone revealed a slightly different electrophoretic 
mobility than did that obtained with human growth 
hormone, being situated slightly closer to the cathode. 

The quantitative precipitin method was used to 
study the total amount of antigen-antibody precipi- 
tated by the antiserum after incubation with varying 
concentrations of antigen. Preliminary results indicate 
a precipitin curve consistent with a single antigen 
antibody system. 

It was also shown that the injection of the same 
antisera used in the studies described above and 
human growth hormone by separate routes into 
hypophysectomized rats completely inhibited the 
biological activity of the hormone, as assayed by 
weight gain and by the tibia test. 

The results of these experiments indicate that the 
Raben preparation of human growth hormone is 
a potent antigen with a high degree of immunological 
homogeneity. Antisera prepared by injection of 
human growth hormone into rabbits could not be 
shown to contain precipitins or other antibodies 
specifically related to human antigens other than 
human growth hormone. Evidence was obtained of 
only a single antigen—antibody system. It seems 
almost certain from the results that the single system 
observed actually represents the human growth 
hormone-—anti-human growth hormone reaction. How- 
ever, the limitations of the immunochemical methods 
do not exclude the possibility that this preparation of 
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human growth hormone (Homo No. 6) is contaminated 
with trace amounts of other antigens or with weak 
antigens or, of course, with non-antigenic material. 

The physicochemical and structural characteristics 
of simian and human growth hormone show important 
similarities‘! and both hormones exhibit biological 
activity in man. The different electrophoretic mobil- 
ity of these two antigens was clearly shown by 
immuno-electrophoresis. 

The apparent immunological specificity of purified 
human growth hormone and its antibodies strongly 
supports the usefulness of the hamagglutination- 
inhibition reaction as a specific method for the 
quantitative estimation of growth hormone. Evalua- 
tion of the Read method as applied to human sera 
is in progress in this laboratory. 

Note added in proof. In additional « xperiments in 
which human adrenocorticotrophin prepared by 
M. 8S. Raben was used, this material was found to be 
contaminated with small amounts of human growth 
hormone, in contrast to the highly purified Organon 
preparation employed in previous studies. 

This work was done with the support of a grant 
from the National Institute of Arthritis and Metabolic 
Diseases, National Institutes of Health, U.S. Public 
Health Service. 
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Effect of Heavy Water on Different Types 
of Muscle and on Glycerol-extracted Psoas 
Fibres 


On considering the suggestion that more attention 
be directed to the role of water in biochemical 
reactions', the possibility was entertained that by 
using heavy water further information might be 
obtained about physical-chemical processes in muscle. 
An investigation was therefore undertaken to observe 
the effects of heavy water on heart, intestinal, uterine 
and voluntary muscle. 

Concentrations of heavy water between 99-8 and 
25 per cent decreased the force of contraction and the 
rate of the spontaneously beating, isolated atria of 
the frog (Xenozjus laevis). Similar effects have been 
obseryed previously on the frog heart?. The onset 
of the effects on the atria of Xenopus was noted 50 
sec. after immersion in heavy water-Ringer solution. 
With 99-8 per cent heavy water, the force decreased 
by 90 per cent of its basal value after 2} min. In 
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Fig. 1. Simultaneous recordings of tension (upper tracing) obtai: 
with an RCA transducer and unipolar surface electroatriogr:in 
(lower tracing). a, Basal recording in normal water—Ringer ; 6, a 

5 min. in 99-8 per cent heavy water—Ringer; c¢, after 17 min 
99-8 per cent heavy water—Ringer (note no recordable contraction 
with increase in gain of amplifier); d, recovery after 15 min. in 
normal water—Ringer (note that the force of contraction is great: 

than in the basal recording) 


most instances the atria either stopped beating or 
slowed down to one impulse every 5 or 7 min. after 
being immersed for about 20 min. in heavy water 
The velocity of contraction was reduced’, as was also 
the velocity of relaxation (Fig. 1). 

Simultaneous recordings of the surface electro- 
atriogram (Fig. 1) revealed that 99-8 per cent heavy 
water reduced the amplitude of the depolarization 
wave by about 13 per cent on the average. On the 

ther hand, the amplitude of the repolarization wave 
was increased after 5 min. and then decreased towards 
the basal value ; changes in the configuration of the 
repolarization wave were obvious. The duration of 
depolarization and repolarization increased by approxi- 
mately 40 and 60 per cent, respectively. The interval 
between the onset of the electrical impulse and the 
contraction increased by about 90 per cent of the basal 
value. These manifestations in the mechanical and 
electrical parameters were reversed after transferring 
the atria to normal water-Ringer solution. 

A particularly interesting feature was the dissocia- 
tion in response of the electrical and contractile 
events. In 4 out of 10 experiments the contraction 
was not detectable while the impulse continued to be 
propagated (Fig. 1). Hodgkin and Horowicz produced 
similar dissociation of the twitch and action potential 
of single muscle fibres with high concentrations of 
sodium chloride‘. 

After these preliminary experiments, attempts were 
made to elucidate the sites where heavy water 
affected the contraction of muscle. First, electrical 
stimulation of the heavy water-inhibited atria resulted 
in an action potential. The contractile response was, 
however, small and never greater in force than that 
seen prior to the arrest of the heart. It appears, 
therefore, that the membrane of the muscle fibres 
of the atria remained excitable while the spontaneous 
impulse was suppressed by inhibition of the pac: 
maker by heavy water. 

Secondly, chemical stimulants such as adrenalin, 
noradrenalin and veratrine increased the force of 
contraction of atria treated with 75 per cent heavy) 
water. In passing, it may be mentioned that heav 
water also diminished the force of contraction of 
isolated rabbit duodenum. However, 75 per cent 
heavy water did not modify the effects of acety! 
choline on rabbit duodenum and of oxytocin on thie 
guinea pig’s uterus. A high concentration of caleium 
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chloride (4-5 mM), sufficient approximately to double 
the force of contraction in untreated atria, had no 
inotropic effect on atria treated with heavy water. 
Whereas in untreated atria both adrenalin and nor- 
adrenalin increased the rate of rhythmic contraction, 
this chronotropic effect did not occur in the presence 
of heavy water. 

\fter establishing that heavy water decreased 
markedly the force of contraction of voluntary muscle 
(rectus abdominis of frog and rabbit psoas), a third 
series of investigations was carried out with heavy 
water on psoas muscle fibres extracted with glycerol>. 
In the case of these glycerol-extracted fibres, however, 
heavy water did not retard the degree of shortening 
induced by adenosine triphosphate. To increase the 
probability of deuterium exchange, living fibres 
were activated by electrical stimulation while sub- 
merged in heavy water and then extracted in 99-8 
per cent heavy water at 4° C. instead of in 50 per 
cent glycerol. The response of the fibres treated in 
this way was again not affected by adenosine triphos- 
phate dissolved in heavy water-salt solution. Further 
experiments on the glycerol-treated fibres with other 
nucleotides revealed that heavy water reduced the 
amount of shortening produced by inosine triphos- 
phate and uridine triphosphate but not the amount 
produced by adenosine triphosphate and cytodine 
triphosphate (Fig. 2). In so far that the difference in 
molecular structure between inosine triphosphate 
and adenosine triphosphate on one hand and between 
uridine triphosphate and cytodine triphosphate 
on the other is in the 6th position of the purine 
and the pyrimidine rings respectively, it is suggested 
that reactions involving the 6th position of either 
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Fig. 2. The effect of heavy water on the degree of shortening of 
glycerol-extracted psoas fibres in the presence of a nucleotide. 
Each fibre was soaked either in normal water-salt or heavy 
vater — salt (pH about 6°8) for 30 min. prior to immersion in the 
particular nucleotide solution. The salt solution contained 
magnesium chloride (0-001 M) and potassium chloride (0-01 M) 
except in the case of (6) where the magnesium chloride con- 
centration was 0-01 M. Average values (with standard errors) 
ire depicted of ten experiments with normal water — salt — nucleo- 
tide solutions (@) and heavy water — sait — nucleotide solutions 

). @, 3-3 mM adenosine triphosphate (pH 3-6). (In experi- 
ments with 1-7 mM concentration of adenosine triphosphate 
or at neutral pH, heavy water likewise had no retarding influence) ; 
6, 3°3 mM inosine triphosphate{ pH adjusted to 7-1). (Heavy water 
similarly had a retarding influence with inosine triphosphate at 
higher concentrations or at a lower pH and lower magnesium 
chloride concentration); ¢, 6°6 mM cytodine triphosphate (pH 
4-35); d. 6-6 mM uridine triphosphate (pH 3-56). (Insufficient 
materjel precluded studies on uridine triphosphate and cytodine 

triphosphate at varying concentrations and pH’s) 
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inosine triphosphate or uridine triphosphate were 
retarded by deuterium. 

As the degree of shortening of the contractile 
proteins was not necessarily reduced by heavy water, 
the possibility exists that either the substitution of 
deuterium for hydrogen in the contractile proteins 
did not in itself retard the response or that little 
exchange took place. Taken in conjunction with the 
observed dissociation of the electrical and contractile 
events in the living muscle, it seems likely that the 
energy transfer mechanism between the membrane 
and the contractile protein is retarded or blocked by 
the isotopic effect of deuterium. The response 
produced by the drugs, for example adrenalin, could 
be due to the activation of the energy transfer process. 
Calcium ions, on the other hand, could not counteract 
the effects of heavy water. The manner whereby 


‘heavy water inhibited the pacemaker remains to be 


elucidated. 

It thus appears that heavy water can be useful as a 
tool in the dissection of the physical-chemical pro- 
cesses of muscle contraction. Full details of the 
experiments will be published elsewhere. 

Grateful acknowledgement is made to Prof. J. 
Gillman for his helpful encouragement and critical 
interest. My thanks are due to Dr. 8. Brenner for 
suggesting the use of heavy water, and for helpful 
discussion, to Drs. P. R. Levy and A. G. Szent- 
Gyérgyi for advice, and to Mr. A. J. Oliphant for in- 
valuable technical assistance. 
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Effect of Parathyroid Extract on Citric Acid 
Concentration in the Rat Kidney 


THE influence of parathormone on the level of 
citric acid in plasma was first mentioned by Sjéstrém!, 
who found an elevated level of citric acid in patients 
with hyperparathyroidism ; this finding was after- 
wards confirmed by other authors. The effect of 
parathormone on the citric acid level was verified 
by Neuman et al.*, who measured the amount of the 
acid in the venous blood of bones and found an 
elevated level after the application of parathormone. 
The purpose of the work reported in this communica- 
tion was to prove this effect of parathormone on the 
metabolism of citric acid also in other tissues and to 
try to explain the mode of action. 

The concentration of citric acid in the skeleton 
and kidneys of female rats, 150-160 gm., was 
observed. The rats received 10 v. of parathyroid 
extract (‘Parathyroid’, Paines and Byrne) intra- 
muscularly, and were killed at intervals of 1-24 hr. 
after the injection. The kidneys were immediately 
homogenized in liquid air; the dissected left femur 
was extracted for 7 days in a solution of 10 per cent 
trichloracetic acid. Citric acid was determined by 
Gey’s method*. In order to explain the mode of action 
of parathormone, the parathyroid extract was given 
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Hr. after administration of parathormone 
Fig. 1 
3 hr., and a freshly prepared sodium fluoracetate 
solution (5 mgm./kgm. body-weight) was given 1 hr., 
before the animal was killed, to obtain the maximal 
effect of both compounds. 

The results are presented in Table 1 and Fig. 1. 
The extract of parathyroid glands raises sharply the 
concentration of citric acid in the kidneys after latent 
periods of 60 min. The elevation of citric acid is 
statistically significant (P < 0-01) in comparison 
with the control group. It reaches its maximum 
in 2-3 hr. after the injection. The concentration 
of citric acid remains at approximately the same 
level up to 10 hr. after the injection and returns to 
about the starting concentration after 24 hr. 

Table 1. CONCENTRATIONS OF CITRIC ACID MGM./GM, OF FRESH TISSUE 


IN DIFFERENT TIME INTERVALS AFTER THE APPLICATION OF PARA- 
THYROID EXTRACT 


Con- 
trol 1 he 2 hr Shr. | 4hr. |) 6hr. Shr. | 10hr. 24hr, 
0-019 0-030 10-076 0-10 0-065 0-060 0-044 0-096 0-044 
0-023 0-028 0-085 0-10 0-080 0-054 0-074 0-082 0-050 
0-039 0-018 (0-085 0-080 0-062 0-051 | 0-104 0-099 | 0-038 
0-028 0-018 0-056 0-10 0-078 0-055 0-051 0-068 0-038 
0-050 0-060 0-083 0-043 
0-043 0-080 0-10 0-056 
0-030 0-080 0-078 0-045 
0-010 0-050 0-061 0-050 
0-020 0-060 
0-033 0-090 
0-038 0-078 
0-021 0-056 
0-037 0-061 
0-035 0-063 
0-059 
Mean 
values 
0-030 0023 0-075 O-074 O-O71 0-068 0-068 0-067 0-042 


After the application of sodium fluoracetate, which 
inhibits the further degradation of citric acid in the 
Krebs cycle, the concentration of citric acid in the 
kidneys rises fifty times* within 1 hr. When sodiun 
flucracetate and parathormone were given so as to 
achieve the maximum effect of both compounds 
simultaneously, there was statistically no significant 
difference in the content of citric acid in the kidneys 
compared with the control group (P 0-1). 

The content of citric acid in bones remained the 
same after administration of parathormone alone or 
in combination with fluoracetate; there was no 
significant difference between these groups. 

Our findings point to the fact that parathormone 
influences the metabolism of citric acid not only in 
the bones but also in other tissues—in our case in 
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the kidneys of rats. We assume that the para- 
thormone may interfere directly with the Krebs 
cycle and that it may act either by raising the 
synthesis of citric acid or by inhibiting its degradation. 
The blocking of citric acid metabolism in the Krebs 
cycle by fluoracetate did not enhance the effect of 
the parathormone on the concentration of citric acid. 
It appears, therefore, that the interference of para- 
thormone with the metabolism of citric acid jis 
caused rather by inhibition of its further degradation 
than by augmentation of its synthesis. Similar effect 
has been described in the mode of action of vitamin 
D*. As, however, the quantity of citric acid is much 
higher after administration of fluoracetate than after 
parathormone, it should be taken into account that 
a raised synthesis of citric acid, owing to the effect 
of parathormone, can be hidden in the great excess 
of citric acid and that the relatively small changes 
induced by the parathormone are scarcely detectable 
by the method used. The same explanation can be 
applied to the negative response of bones to the 
administration of parathormone and _ fluoracetate 
because of high levels of citric acid in bones under 
normal conditions. 

The question of the mode of interference of 
parathormone with the Krebs cycle is not fully 
explained by our findings and requires further 
investigation. 

A. KomArKovA 
Central Biochemical Laboratories, 
Faculty Hospital, 
Charles University, 
J. VostAn 
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and Occupational Diseases, 
V. PacovskyY 
Ill. Internal Clinic of the Medical 
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Antithyroidal Effect of Some Fresh 
Plants on Guinea Pigs 


SEVERAL investigators have described a goitrogenic 
effect of various Brassica plants (see Greer’s review’). 
Papers have appeared in recent years dealing with 
the goitrogenic properties of milk from cows fed on 
various species of Brassica*-°. As, however, no 
goitrogenic substances had until recently been 
proved in the edible parts of Brassica (except in 
rutabaga (Brass. napus var. esculenta) and turnip’) 
quite a number of problems remained unanswered. 
Recently, Altamura et al. isolated L-5-vinyl-2-thio- 
oxazolidone also from fresh cabbage*. On the basis 
of our previous studies® we decided to study the 
effect of Brassica and other plants on the thyroid 
gland of laboratory animals with the aid of newer 
methods. 

12 male guinea pigs were divided into three groups 
(4 animals per group) and maintained 48 hr. on tap- 
water only. Then they received vegetables (group I 
carrot, group IT kohlrabi and group III kale). After 
24 hr., in which they consumed approximately 70 
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80 gm. of vegetables per animal, they were injected 
with 3 ue. iodine-131 in 0-5 ml. of physiological 
saline intraperitoneally. 4 hr. later they were killed 
under ether anesthesia. Radioactivity of thyroid 
glands was determined after hydrolysis in 30 per cent 
sodium hydroxide with the aid of a scintillation 
counter and the thiocyanate-level in serum was 
determined by Aldridge’s method’. 


Table 1. EFFECT OF CERTAIN PLANTS ON ACCUMULATION OF IODINE- 
131 ON THE THYROID GLANDS AND ON THIOCYANATE-LEVEL IN SERUM 


| 
| lodine-131 in thyroid gland | Thiocyanate in serum 


Plant | (c.p.m./mgm,) | (mgm. per cent) 

I Carrot 5,549 + 904 0-053 0-012 
If Kohlrabi 3,343 + 636 | 0-550 + 0-161 | 

il Kale 2,778 601 1:°605 + 0-807 


| 
Accumulation of radioiodine after feeding kohlrabi 
and kale was significantly lower than after feeding 
carrot (P < 0-02). Kohlrabi and kale were used 
because of their different contents of thiocyanate’. 
The results indicated that thiocyanate may indeed 
be a cause of the antithyroidal effect of these plants, 
but some other agent must likewise be present. 
Further experiments are in progress. 
P. LANGER 
Endocrinological Institute, 
Slovak Academy of Sciences, 
Bratislava. 
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Activity of a Substance extracted from the 
Fermentation Products of Acetobacter 
aceti on Ehrlich’s Ascites Tumour Cells 


DuRING the bacterial fermentation of alcohol to 
acetic acid, highly active molecules capable of regulat- 
ing oxidation-reduction potentials must be elaborated 
by the bacteria, but as yet no extensive investigations 
in this field have been carried out. A substance 
possessing interesting biological activities and with 
some well-defined chemical characteristics has re- 
cently been isolated from vinegar',*?. This substance, 
obtained by extraction and purification processes 
similar to those used for cytochrome isolation, proved 
to have a marked oxidizing ability and, in particular, 
exerted an intense facilitatory activity on some cata- 
lase systems. It also markedly inhibited the growth 
of human tumour cells cultivated in vitro. When the 
substance is added to the medium in very low con- 
centration in in vitro respiration experiments (War- 
burg technique) with Ehrlich’s ascites tumour cells, 
an increase of respiration occurs : on the other hand, 
& most important finding is that respiration is blocked 
at higher concentrations. This interference with 
respiratory processes is much less marked on non- 
tumour cells. These effects would support Antoniani’s 
concept® of the extreme sensitivity of tumour cells 
to substances capable of interfering with their 
respiratory systems, which, owing to discontinuous 
pathways, are particularly labile. 
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The substance, previously characterized by extrac- 
tion methods and chromatographic purification, has 
been recently isolated in the pure state. It is a white 
powder with a melting point of 184° C. Its probable 
structural formula, derived from the elementary 
analytical data, from determination of the molecular 
weight (camphor method), infra-red spectrum, chemi- 
cal groups and break-down studies, is : 

OH 

| 

C 
4 - oS 
C 

| 
H,C HC—COOH 


H,¢ O 


o 
It may be in equilibrium with a y-lactone form : 
C Oo 
‘em, | 
H,¢ =O] 
| | 
H.C HC—C=0 
O 


or may exhibit an enolic form as follows : 
OH 
C 
/H™ 
H,C C—OH 
| | 
H,C C—COOH 
O 
The compound is easily soluble in water; the 
solutions are acid (about pH 3-2) and slightly yellow. 
Its toxicity is very low: 2-5 gm./kgm. intraven- 
ously are not lethal for mice. The addition of the 
compound (concentration 1 : 100,000) to the perfusing 
fluid in the Straub frog heart preparation induces a 
digitalis-like pattern without producing heart block. 
Two types of experiment have been performed with 
samples of the pure substance in saline adjusted to 
pH 7:4. 
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Fig. 1. 1, Ehrlich ascites cells, 1-0 ml. (2°9 mgm. nitrogen by 
Kjeldahl); ascites serum, 1:1 mil.; glucose solution, M/100, 
0-5 ml. ; substance, 0 
2, Ehrlich ascites cells, 1-0 ml. (2-9 mgm. nitrogen by Kjeldahl) ; 
ascites serum, 1:1 ml.; glucese solution, M/100, 0-5 ml.; sub- 
stance, 0-6 mgm. 

3, Ehrlich ascites cells, 1-0 ml. (2-9 mgm. nitrogen by Kjeldahl) ; 
ascites serum, 1-1 mi.; glucose solution M/100, 0-5 ml.: sub- 
stance, 3 mgm. 
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| i ec Sets TERI rere Set a Se —— - 
30 treated (3 mgm./day | body-weight 19-83 20-02 20-20 21-70 21-3 22-3 
| Of the substance) | cells/ml. present 
| in ascitic fluid 25,000,000 38,450,000 27,650,000 37,900,000 | ~- -- 
| ! 


The effects in vitro on the respiration of Ehrlich’s 
ascites tumour cells have been studied using the 
Warburg technique, while in the in vivo experiments 
Ehrlich’s ascites tumour in the white mice were used. 

The results of the in vitro experiments are illustrated 
in Fig. 1. When the compound is added, in doses of 
0-6 mgm., to the fluid containing the ascites tumour 
cells (equivalent to 2-9 mgm. nitrogen) and substrates, 
made up to a total volume of 2-8 ml., a marked in- 
crease in cellular respiration is seen in the first hour. 
The addition of 3 mgm. of substance, under the same 
experimental conditions, produces increased respira- 
tion for the first 20 min. and then a complete inhibi- 
tion of respiration. 

The results of the in vivo experiments are reported 
in Table 1. The neutralized solution was injected 
daily at a dose of 3 mgm./animal/day beginning from 
the second day after the intraperitoneal inoculation of 
the ascitic fluid containing the tumour cells. 

Treated mice showed nearly complete inhibition of 
tumour growth (there was no increase in body-weight) 
and very marked decrease of number of cells per ml. 
of ascitic fluid. 

These results confirm the marked in vivo activity 
of this new substance in inhibiting the development 
of the particular type of tumour cell used in these 
experiments. 

G. A. LANZANI 
C.N.R. Centre for Studies on Chemistry and 
Microbiology of Fermentation, 
Milan. 
A. PECILE 
Department of Pharmacology, 
University of Milan. 
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* Yamamoto, T., Lanzani, G. A., and Cernuschi, E., La Clin. Ost. 

Ginecol., 61, 35 (1959). 

* Antoniani, C., La Clin, Ost. Ginecol., 59, 51 (1957). 
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Reversible Supercontraction of 8-Keratose 


Peacock! has examined the X-ray diffraction 
patterns from Lincoln wool supercontracted by 
oxidation in peracetic acid. An observation made 
by Whiteley* using Alexander’s* peracetic acid— 
ammonia technique to separate the protein com- 
ponents in wool was that, following supercontraction 
in peracetic acid, the fibres increase in length when 
the a- and y-keratoses are dissolved out by the 
ammonia solution. Mercer found it possible to pre- 
pare a birefringent fibre from the protein extracted 
from wool by urea-reducer solutions which showed 
dimensional changes as the pH was altered’. 

We now find that 8-keratose, which remains as a 
continuous fibre containing some 10 per cent of the 
original protein’, will contract again if taken from 


alkaline solution into solutions of lower pH. More. 
over, the change in length of the 8-keratose fibre as 
the pH is altered is reversible, without hysteresis, 
and can be repeated many times with a single fibre. 
The experiment has been carried out with oxidized 
Merino and Lincoln wools, human hair and horse 
hair at temperatures between 30° and 60° C. 

In a typical experiment a single horse hair about 
2 cm. long was mounted in a setting frame and 
oxidized for 17 hr. at 40° C. and 12 hr. at 60° C. by 
an approximately 5 per cent w/v peracetic acid 
solution. The hair was then extracted with 0-1 N 
ammonia and contraction-extension experiments 
were carried out by placing the extracted fibre in 
solutions of various pH values made from mixtures 
of 0-01 ammonia and 0-01 N acetic acid. The length 
of the fibre was measured with a travelling micro- 
scope after equilibration at each new pH at 23°C. for 
} hr. The results are shown in Fig. 1. 
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Fig. 1. Reversible length change of f-keratose from horse-hair 
as the pH is altered. Full circles: pHi falling; open circles: pli 
rising 

When examined by X-ray diffraction, Lincoln 
wool appears to be exceptional in giving a pattern 
indicative of «-protein both after mild oxidation (s 
Peacock', for example) and after contraction of the 
alkali-extended fibres. On the other hand, prolonged 
oxidation results in the appearance of a pronounced 
8 ring at 4-65 A., and this change in the diffraction 
pattern, often accompanied by some preferential 
orientation on the meridian (the cross-8 pattern) 
associated with the supercontracted state, is the more 
usual observation in other keratin fibres oxidized 
with peracetic acid. After extraction of these oxidized 
fibres with ammonia, the insoluble residue, when 
alkaline, always gives only a diffuse protein-type 
pattern in spite of attempts to orient the material 
by stretching. As the pH is lowered, a pronounced 
sharpening of the 4-65 A. reflexion develops and this 
shows a slight preferred orientation on the meridian 
after carefully stretching the wetted fibres. These 


ch 
ro 


ha 


W! 
in 
of 
be 
m 
pl 

















No. 4707 January 16, 1960 


changes have been followed particularly in the more 
robust horse hair. In contrast to these findings, 
neither dimensional nor configurational changes 
have been observed in thin films of a-keratose cast 
from ammonia (they give a well-oriented «-pattern) 
and subjected to the same changes of pH as those 
applied to the extracted fibre. 

The relationship between supercontraction in 
wool and hair and the contraction of muscle has been 
repeatedly pointed out by Astbury*.’, and there is 
evidence that supercontraction occurs during the 
syneresis of actomyosin gels’. Moreover, the ease 
with which actomyosin undergoes supercontraction 
in the presence of hydrogen ions® supports the evidence 
of Goodall’® that a proton-transfer mechanism might 
be responsible for the development of tension in 
muscle. The dimensional changes of 8-keratose as the 
pH is altered suggest again at least a partial con- 
traction to the cross-8 configuration, though appar- 
ently in this case, since the X-ray diagram given 
by the extended fibre is so diffuse, not from a well- 
defined a-configuration but from some intermediate 
less-regular state. 

We wish to thank Prof. W. T. Astbury for his 
advice and encouragement in this investigation, 
which is supported in part by the Muscular Dystrophy 
Associations of America, Inc., and will be reported in 
detail elsewhere. 

F. G. E. PAuTARD 

Department of Biomolecular Structure, 

P. T. SPEAKMAN 
Department of Textile Industries, 
The University, 
Leeds, 2. 
Oct. 6. 
Pe ck, N., M.Se. thesis, University of Leeds (1952). 
* Whiteley, K. J., Ph.D. thesis, University of Leeds (1959). 
* Alexander, P., and Hudson, R. F., ““Wool—its Chemistry and 
Physics’, 265 (Chapman and Hall, London, 1954). 
‘Corfield, M. C., Robson, A., and Skinner, B., Biochem. J., 68, 348 
1958). 
Mercer, E. H., Textile R J., 24, 835 (1954). 
Astbury, W. T.. Proc. Roy. Soc., B, 134, 303 (1947) (Croonian Lecture, 


145) 

7A ry, W. T., Proc. Intern. Wool Textile Res. Conf., Australia, 
B, 220 (1955) 

*Pautard, F. G. E., Nature, 182, 788 (1958). 

* Pautard, F. G. E., Nature, 183, 1391 (1959). 

A lall, M. C., Nature, 182, 677 (1958). 


PLANT PHYSIOLOGY 


Effect of Infection by Xanthomonas 
malvacearum (E.F.S.) Dowson on Respiration- 
rate of Cotton Leaves 

Porrep plants of susceptible Domains Sakel 
cotton (Gossypium barbadense, L.) and its synthesized 
blackarm-resistant strains containing B, or B, + B, 

B, genes were sprayed when about three months 
old with a standardized water-suspension of Xantho- 
monas malvacearum taken from three-day-old cultures 
of a recent isolate. The plants were kept in the 
hade under glass bell-jars for 48 hr. after inoculation. 
The leaves used for determining respiration-rates 
vere chosen from among fully expanded leaves 5 cm. 
in diameter situated at the ninth to thirteenth nodes 
of the stem. 

The number of spots¢on inoculated leaves ranged 
from 80 and 200 per leaf. A Thoday respirometer 
was used for determining oxygen uptake, which 
was taken as a measure of respiration-rate. Two 
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leaves, of about 1 gm. fresh weight, were placed 
in each respiratory chamber with the petioles dipped 
in distilled water in a specimen tube. The respiratory 
chamber also contained 10 ml. of 5 per cent potassium 
hydroxide and a piece of Whatman folded filter paper 
No. 40 to increase the absorption surface. The 
chambers were placed in a temperature-controlled 
water-bath adjusted at 30° C. Readings were taken 
2 hr. after the experiment had been started and 
continued thereafter at 8-hr. intervals. The first 
reading in all experiments was discarded to avoid 
misinterpretation of handling effects. 

In 1957, two sets of experiments were carried out 
using leaves of susceptible Domains Sakel. In the 
first set, uninoculated (control) leaves as well as 
leaves 4 and 10 days after inoculation were used. 
The second set included control leaves, and leaves 
taken 10 and 16 days after inoculation. The experi- 
ments were run for 2 days. The respiration-rate of 
the leaves of resistant strains of Domains Sakel 
containing B, and Bb, + B, + B, was also examined 
in uninoculated leaves (control) and in leaves 10 
and 16 days after inoculation. These experiments 
were run for 4 days. 

In 1958, experiments were carried out with the 
susceptible Domains Sakel using uninoculated leaves 
(control) and leaves 4, 8, 12 and 16 days after 
inoculation. The leaves were cut at noon, washed 
thoroughly with distilled water, blotted dry with 
filter paper, weighed and placed in the respiratory 
chamber. The experiments were run for 4 days and 
thus respiration was actually measured continuously 
from the fifth to the twentieth day after inoculation. 

Angular leaf spots first appeared on susceptible 
Domains Sakel 5-7 days after inoculation as minute, 
water-soaked, dark green spots mainly on the under- 
surface of the leaf. The spots increased in size, 
becoming 2-4 mm. in diameter in a few days, but did 
not attain their characteristic brown colour until 
15-16 days after inoculation. On the resistant 
strains of Sakel, development of disease symptoms 
could only be ascertained between the eighth and 
tenth day after inoculation, when minute, pin-head, 
dark green, dry round spots appeared. The spots 
turned dark brown with age but remained very small. 

The results of experiments in 1957 (Table 1) 
showed that there was a general depression in the 
respiration-rate of the inoculated leaves of susceptible 
Domains Sakel and its resistant strains compared 
with the controls. The depression seemed to reach 
its maximum in susceptible Sakel earlier than in the 
resistant strains. 

The picture was clearer in the 1958 experiments, 
where the respiration-rate of Domains Sakel leaves 
was followed up from the fifth to the twentieth day 
after inoculation. Fig. 1 shows that maximum 
depression in respiration-rate was reached between 
the fifth and seventh days after inoculation. Re- 
spiration-rate then increased continually until the 
twentieth day, when no further readings were 
recorded. 

Fluctuations in respiration-rate seem to coincide 
with the development of disease symptoms. Thus 
the early depression in respiration coincides with the 
period in which the bacteria enter the stomata and 
multiply in the stomatal chambers, blocking the 
stomata and suppressing gas exchange. This phase 
of the course of disease takes place in both susceptible 
and resistant strains of Domains Sakel. About the 
time disease symptoms first appear as pinhead spots, 


respiration reaches its minimum (that is, 5-7 days 
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Table 1. 


XY. malvacearum (1957 EXPERIMENTS) 


Oxygen uptake (ml. dry gas 
10 gm. fresh wt./hr.) 
Cottons Days after inoculation 


Control 4 10 16 
Susceptible Domains 
Sakel 
Means of three ex- 
periments 6°15 5°28 5°90 
Difference from con- 
trol (per cent) 14-2 4-1 
Means of three ex- 
periments 5-71 5°36 7°38 
Difference from con- 
trol (per cent) 5-1 38-00 
Sakel containing B, 
Means of two experi- 
ments 5°39 4-79 4-88 
Difference from con- 
trol (per cent) 11-1 9-5 
Sakel containing 
B, +B, +B, 
Means of two experi- 
ments 5°39 4-62 5°53 
Difference from con- 
trol (per cent) 14°3 +26 


after inoculation in the case of susceptible Sakel and 
later in that of resistant strains). The increase in 
respiration-rate of the leaves of susceptible Domains 
Sakel that follows coincides with the increase in the 
size of the spots and the disintegration and collapse 
of the spot cells. The increase may be attributed 
partly to the evolution of the gas previously accumu- 
lated in the tissues, and partly to increased respiratory 
activity of the cells resulting from infection. The 
amount of gas contributed by the bacteria themselves 
to carbon dioxide output of affected leaves is difficult 
to assess but is unlikely to be of much significance. 

In the resistant strains, the spots remain pinhead 
in size and the respiration-rate increases to about 
normal after their appearance. In this instance the 
depression in carbon dioxide output is less than in 
susceptible Sakel, but continues for a longer period 
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The damage caused to the host is little, if any, and 
does not provoke marked cell respiration. 
H. M. Hassan 
K. A. SABET 
Department of Agricultural Botany, 
University of Khartoum, 
Sudan. 



























Chemical Nature of the Cell Wall of the 
Green Algae, Codium, Acetabularia and 
Halicoryne 

THE chemical nature of the carbohydrates which 
constitute the main cell wall of the algae belonging to 
Codiaceae and Dasycladaceae has remained thus far 
largely obscure. Though the cell wall of Codium was 
said to consist of callose and pectin together with 
some cellulose', no chemical characterization of 
callose and algal pectin has yet been achieved, their 
occurrence being recognized merely by 
reactions and solubility tests. Likewise, no unequivo 
cal proof for the presence in Codium of true cellulos 
has hitherto been obtained, although its occurrence 
has occasionally been reported®*. As for the cell-wall 
constituents of the members of Dasycladaceae 
almost nothing is known at except the 
incrustation of calcium in the cell wall. 

As a continuation of the biochemical researches of 
algal cell wall by one of us‘, we have been engaged in 
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present 








the study of the cell-wall constituents of the green 
algae from different taxonomic groups with the view 
of obtaining information about the phylogeny and 
systematic position. 

The present communication deals with the studies 
on Codium fragile, Acetabularia calyculus and Hal 
coryne wrightit. 

The air-dried sample of each seaweed was soaked in 
1 per cent hydrochloric acid for 24 hr. at 
temperature to remove calcium carbonate 
then treated successively with 1-25 per cent sodium 
hydroxide and 1-25 per cent sulphuric acid at 100 
for 30 min. and the residue was bleached with 1 pei 
cent sodium chlorite. The crude fibre thus obtained 
retained the membrane structure almost unchanged 
and showed neither anisotropy nor staining reactions 


room 


It was ' 


for cellulose. 
Hydrolysis of the crude fibre with sulphuric acid 
and examination of the products by paper chromato 
graphy revealed the main constituents to be mannos: 
\ trace of glucose as detected in the hydrolysate aros 
presumably from starch which could not be removed 
by the above treatment. The crude fibre is insoluble 
in sodium hydroxide at any concentrations, but easily 
soluble in 50 per cent zine chloride, less in 50 per cent 
stannic chloride and slightly in Schweizer’s reagent 
Hence the purification was effected by dissolution in 
zine chloride followed by precipitation with aceton: 
As the product contained about 2 per cent of ash, of 
which the major part was silica, it was removed b 
the method of Feigl and Krumholz’. The purified 
substance is a white powder with an ash content less 
than 0-1 per cent. Elementary composition corr 
sponded to hexosan. Caleulated for C,H,,0;, 
C 44-44, H 6-22; found, C 44-23, H 6-09 (Codium) : 
C 44-24, H 6-17 (Acdtabularia); C 44-31, H 6-12 
(Halicoryne). [a]p in 50 per cent zine chloride 
46-1° («. 1-41, Codium) ; 50-6° (c. 1-54, Acetal 
ularia) ; 46-1° (c. 1-41, Halicoryne). Hydrolysis 
with 40 per cent hydrochloric acid at 0° yielded 91-93 
per cent of mannose. On the paper chromatogram no 
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other spots than that of mannose could be detected. 
Mannose phenylhydrazone (m.p. 199°) was obtained 
in nearly the theoretical yield®. When oxidized 
with periodate 0-96 mole of it was consumed and 
0:125 mole of formic acid was produced per unit 
(C,H, 05) of the preparation from Codium. Assum- 
ing a straight-chain structure with 1,4 linkage the 
yield of formic acid indicates a degree of polymeriza- 
tion of 16. 

These results, taken together with the resemblance 
in specific rotation to the mannan of ivory nut 
(— 44-1°) and salep ( 35-0°), both of which are 
known to be 6-1,4-linked, would indicate that the 
mannans from Codium, Acetabularia and Halicoryne 
are constructed in a similar manner. 

Other Codium species such as C. latum and C. 
tomentosum also contain mannan as main cell-wall 
constituent, whereas in Udotea, Chlorodesmis and 
Halimeda, all of which are usually included in 
Codiaceae, mannan is replaced by xylan with 
3-1,3-linkage. 

The significance of these findings in connexion with 
phylogeny and taxonomy will be discussed elsewhere. 

We wish to express our gratitude to Profs. 8S. Inoh 
and S. Segawa as well as to Drs. M. Chihara and 
S. Kamura for their generous support in this work. 

YOSHIHIKO IRIKI 
Tomoo Miwa 
Botanical Institute, 
Tokyo Kyoiku University, 
Otsuka, Tokyo. 
' Prinz, H., in Engler-Gilgs ‘ Die natiirlichen Pilanzenfamilien’”’, 3, 2, 
x09 (1927). 

Augier, J., and du Mérac, M. L. R., Bull. Lab. Maritime Dinard 

40, 25 (1954); ©C.A., 51, 1395, (1957). 

Hayashi, K., Nagata, Y ind Yamada, O., Res. Bull. Fac. Agric. 

Gifu Univ., 5, 90 (1955). 
* Miwa, T., Jap. J, Bot., 11, 41 (1940). 


Feigl, F., and Krumbholz, P., Mikrochemie, 7, 82 (1929) 
* hourquelot, E., and Heérissey, H., C.R. Acad, Sci., Paris, 129, 339 
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BIOLOGY 


Attrition of Incisors of Grazing Sheep 


UNDER New Zealand conditions of sheep-fariming, 
incisors of grazing sheep wear much more rapidly on 
improved pasture, chiefly ryegrass (Lolium perenne) 
and white clover (T'rifolium repens), than on the finer 
native pastures of low carrying capacity. The cause 
is not nutritional in the generally accepted sense, 
however! It would rather seem that certain sub- 
stances in the herbage of ‘improved’ pastures dissolve 
the teeth, the process being aided by the abrasive 
action of the plant fibre. Wear is also increased in 
mouths with certain undesirable anatomical charac- 
teristics which appear to be hereditary in origin. 

Differences in chemical compositions of enamels 
and dentines of sheep’s teeth of various breeds and 
from farms on country of dissimilar soil types are not 
correlated with the extent of tooth wear?. 


The thin layer of enamel on the incisal surface of 


sheep’s teeth is worn through approximately two 
months after eruption, hence the problem is concerned 
with the rate of wear of primary dentine and, at a 
later stage. secondary dentine. 

Electron micrographs of the biting edge of worn 
incisors showed that the dentine surface was subjected 
to both chemical and abrasive action. The chemical 
action was thought to be due to the organic com- 
pounds in the herbage complexing the caleium 
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phosphate (apatite), but before this could be checked 
by studies with the electron microscope it was 
essential to understand the microstructure of the 
organic and inorganic components of dentine more 
fully* and to develop a technique which enabled the 
intensity and nature of etching to be recorded (Hall, 
D. M., unpublished work). Experiments were then 
made to compare the etching produced by fractions 
of juices of pasture plants on surfaces of fresh dentine 
polished smooth by metallographic techniques. The 
fractions examined were: (1) organic acids from 
herbage at their original concentrations and pH 
(6-0—6-5) for chelating action on the calcium ; (2) cell 
fluids, obtained by ether cytolysis, containing in 
addition sugars, inorganic and organic phosphates, 
ar.ino-acids and polypeptides, capable of chelating 
or dissolving calcium ; (3) freshly expressed juices of 
grasses and clovers containing enzymes in addition 
to substances of (1) and (2). 

These studies have shown that fraction (3) 
produced’ the strongest eiching, and indicated that 
this reaches a maximum during the lush spring 
growth. It was also evident that the central non- 
calcified core of the odontoblast process was etched 
by fresh grass juice at a faster rate than the dentinal 
matrix and thereby released long lengths of the 
membrane-like sheaths enclosing the process. 

The results indicate that the majority of the 
etching is due to proteolysis and that such weakening 
of the bonding material of the tooth would facilitate 
its wear by attrition. Rouiller has observed that an 
organic component bonding the particles of dentine 
is digested by plant proteinases such as papain‘.>. It 
is considered, therefore, that the digestive action of 
the proteinases of actively metabolizing leaves on 
the organic components of dentine could be an 
important factor contributing to the wear in teeth 
of grazing sheep. 

This investigation is being continued. 

C. R. BARNICOAT 


Massey Agricultural College 
(University of New Zealand), 
Palmerston North 
D. M. Hai 


Dominion Physical Laboratory, 
Lower Hutt, New Zealand. 
1 Barnicoat, C. R., N.Z. J. Sei. Tech. See., A, 38, 583 (1957). 
sarnicoat, C. R., N.Z. J. Sci. Tech, Sec, (in the press). 
‘Hall, D. M., J. Dental Res., 38, 386 (1959). 
* Rouiller, C., Huber, L., “and Rutishauser, E., Acta Anat., 16, 16 
(1952). 
Rouiller, C., “The Biochemistry and Physiology of Bone’’, ed. 
Bourne, G. H., 136 (Academic Press, Inc., New York, 1956). 


Rhizosphere Effect on Soil Algae 


VerRY few studies of the effect of the rhizosphere on 
soil algae have been made in the past’, and in a recent 
review Starkey® states that it is possible that algal 
populations may even be decreased in the root zone. 
This communication presents evidence for a well- 
marked rhizosphere effect on soil algae by the roots of 
cultivated tea plants nominally referable to the 
Assam variety of Camellia sinensis (L) O. Kuntze. 

Roots from one-year old seedlings were removed 
from the nursery beds and the soil from the top 5 
em. of the roots was scraped off with a sterile spatula. 
The top 5 em. of soil from adjacent bare areas of the 
same bed was used as the control. Modifying the 
method described by Agnihothrudu’, 5 gm. each of 
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Table 1. 
1/10 1/100 1/1,000 
Rhizosphere soil + + + 
Control soil + + a 


control and rhizosphere soil samples were used for 
preparing a series of ten dilutions in Bristol’s solution‘, 
the initial dilution being 1/10, and each higher dilution 
made by taking 10 ml. of the lower dilution and 
adding it to 90 ml. of sterile Bristol’s solution. 
Three replications of each dilution were made and 
growth was estimated after three months by the 
presence or absence of algae in the flasks (Table 1). 
Previous observations on the soil algae of our sub- 
tropical soils showed that this period was sufficient 
for growth to occur and also that Bristol’s solution 
was the most suitable of several media tried. 

There is at present no reliable method of estimating 
numbers of soil algae in a mixture of unicellular, 
colonial and filamentous forms and the presence or 
absence of visible growth remains the only satisfactory 
method for this type of study. 

These results give evidence of an effect of the rhizo- 
sphere on soil algae in the case of tea roots. The 
experiments have been repeated with other crop 
plants, both monocotyledons and dicotyledons, and 
have confirmed the presence of this effect. The results 
will be published in greater detail elsewhere. 


W. HApFIeELD 


Scientific Department, 

Indian Tea Association, 
Tocklai Experimental Station, 

Cinnamara, Assam. 

Soil, Sci., 62, 343 (1946). 
* Starkey, R. L., Bact. Rev., 22, 154 (1958). 
* Agnihothrudu, V., Proce. India Acad, Sci., 378, 1 (1953). 
‘ Bristol, B. M., Ann. Bot., 34, 35 (1920). 


Katznelson, H., 


The Field-Slug Agriolimax reticulatus as a 
Vector of the Lungworm Cystocaulus 
ocreatus 


GERICHTER' demonstrated that the land snail 
Monacha syriaca can act as a vector for the sheep 
lungworm Cystocaulus Development of 
the lungworm larve can take place in other species 
of land molluscs and also in some freshwater species!-*. 
The importance of most of these molluscs as vectors 
under field conditions does not, however, appear to 


ocreatus, 


have been investigated. 

CO. ocreatus was recorded only recently in British 
sheep*. Afterwards a study of the transmission of 
infection under natural conditions 
at Wevbridge. Lungworm-free 
with infected ewes and, at frequent intervals, faecal 
samples from the lambs were examined for first-stage 
lungworm larve. After several weeks, larve were 
recovered from the feces, and on autopsy of one lamb, 
adult worms were found in the lungs. Samples of 
the land molluses inhabiting the pasture grazed by 
the sheep were collected and examined for lungworm 
larve. The only species infected was the field-slug 
Agriolimazx reticulatus, so that it appeared that 
infection of the lambs had resulted from the ingestion 
of field-slugs. To verify that this was so, the feet 
from artificially infected were fed to two 
stalled lambs reared free of lungworms. After several 


was commenced 


lambs were grazed 


slugs 


weeks, first-stage larve of C. ocreatus were recovered 
from both lambs. 
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Dilution 
1/10,000 1/100,000 1/1,000,000 1/10,000,000 
7 > + + 





A. reticulatus was by far the most numerous of the 
molluse species collected from the Weybridge pasture, 
specimens being found throughout the year. Accord- 
ing to Ellis‘, the field-slug is the commonest and most 
ubiquitous of the land molluscs found in Britain, 
inhabiting every possible situation. As A. reticulatus 
is almost certain to be found wherever sheep can 
graze, it is most likely that it is of considerable 
importance as a vector of C. ocreatus in Britain. 

J. H. Rose 
Central Veterinary Laboratory, 
Ministry of Agriculture, Fisheries and Food, 
Weybridge. 
* Gerichter, Ch. B., Parasitology, 41, 166 (1951). 
* Kassai, T., Z. Parasitenk., 18, 5 (1957). 
* Rose, J. H., Nature, 179, 925 (1957). 
Ellis, A. E. E., “British Snails’’, 256 (Oxf. Univ. Press, 1926). 


The Pituitary of Myxine glutinosa 

THe Myxinoids are possibly the most primitive 
living vertebrates, and the pituitary of Myzrine 
glutinosa has hitherto'-* been described as having 
a separate infundibulum and adenohypophysis, a 
condition which has been regarded as primitive or 
degenerate. Furthermore, the adenohypophysis 7 
which lies embedded as groups of cells in connective $ 
tissue, has been described as being composed solely of 
chromophobes, and having no cytological or histo- 
logical differentiation. Recent observations, however, 
have shown that the connective tissue septum does 
not separate completely the two parts of the pituitary 
but that the posterior end of the infundibulum comes 
into intimate contact with the adenohypophysis 
(Fig. 1). Also, the adenohypophysis is cytologically 
differentiated. 

An examination of the infundibulum using Bodian’s 
stain indicated that nerve fibres lie between and 
beneath the ependymal cells and posteriorly are 
closely apposed to adenohypophysial cells. Using 
several methods to demonstrate neurosecretory 
material this was shown to be present in the infund 
ibular canal particularly where it narrows posteriorly 





Longitudinal section of the caudal end of the pituitary 
of Myzine glutinosa showing apposition of neurohypophysis and 


Fig. 1. 
adenohypophysis. a, Adenohypopliysis; 6, brain; c¢.8., con- 


nective tissue septum; i.c., infundibular canal; n, neurohypo- 
physis 
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Neurosecretion was also present in the region of the 


1,000 neurones lying outside the infundibulum. In the 


caudal part of what now must be regarded as a 
neurohypophysis a few cells identical with the 


the ependymal cells are found separate from the lining 
ma of the ventricle. No neurosecretory material was 
rd. found in the adenohypophysial region. 


ost The adenohypophysis when stained with Heiden 
hain’s azan stain or Mallory’s triple stain was shown 


ir 
to contain at least two different types of basophils 
an in addition to chromophobes and large vacuolated 
‘le ells 
Furthermore, basophilic and periodic acid—Schift 
positive colloidal aggregations occur in some adeno- 
hyp physial follicles as do epithelium-lined cavities. 
No distinct acidophils were observed. After applying 
the periodic acid—Schiff it was shown that the baso- 
phils contained periodic acid Schiff positive material 
as in higher vertebrates. Some cells also stained afte 
applying the Gomori aldehyde—fuchsin technique. 
It seems highly probable then that the pituitary of 
Vyrine secretes carbohydrate-containing hormones 
na similar manner to other vertebrates 
These observations, which will be reported in full 
elsewhere, indicate that the pituitary of Myzine 
, glutinosa is possibly the simplest form of vertebrate 
6 pituitary and is a form which is not degenerate but 
is O n which the adenohypophysis has not become 
' histologically differentiated. 
: A. J. MaTTy 
Department of Zoology, 
University of Nottingham 
DD TGR rhe Comparative Anatomy, Histok nd Develop 
t of the Pituitary Body” (Oliver and Boyd, London, 1926). 
P. P., “Traité de Zoologie’’, 138 (Masson, Paris, 1958). 
Ss fall, W., Arch. mikrosk. Anat., 82, 289 (1913). 


Swimming in Spider Crabs of the Genus 
Macropodia 


THE only 
rh recorded 


adult Brachyura which have previously 
the Portunidae, which 
lo so by rapid paddling of the last pair of perseopods 


swimming are 


These are adapted for swimming by having the distal 
ents flattened, with the edges fringed 


1 
nh hairs. 


densely 


also been observed in Wacro- 
Macropodia 
Maiidae (spider crabs). 
sublittorally in the Isle 
The genus has very long legs which bear a 
long hairs, and the 
ir pairs of walking legs and the chel. All the 
bs beat at the same rate, but not in phase, and are 

continually moving. At the start of the stroke 
y are raised in the flexed position, and are extended 
the more rapid downbeat. 


Swimming has now 
(L.) and 

labricius), members of the 
Both these 


Man. 


a rostrata lonqi “ostris 


sper 1¢ oceul 


number of swimming involves 


Swimming may reach 
wed of 5 cm. per sec. in a specimen of Macropodia 
rata with a carapace-length of 13 mm. 

The pattern of of the 
lowed, and it is the same in both species. The 
le and walking legs will be referred to as c, 1, 2, 

4 respectively, on tho right (R) and left (L) sides. 
The limbs can be divided into thre 
oups: (1) L? and R* beat in phase with each other, 

it out of phase with all the other legs; that is, 
vhen group 1 is beating down, groups 2 and 3 are 
on the up-beat. (2) Re, 2', L? and L‘ beat as a unit, 
with L* slightly after the rest. (3) L¢, L}, R® and 

?* also beat as a unit, with R* just behind the others. 


movement legs has been 


swimming 
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One of groups 2 and 3 starts to beat slightly before 
the other, and either may take the lead during a period 
of swimming. The rate of beating varies from once 
The body of the crab is horizontal 
during swimming, and the sequence of movement of 


to twice per sec. 
the legs prevents rolling ol pitching. This is because 
the legs beating down at any moment are symmetric 
ally the of gravity of th 
crab (for example, L* opposite P?, and R¢ and fF! 
Opposite L® and L*). 

In the laboratory, swimming may occur apparently 


spontaneously, as a result of attack 


arranged around centre 


by another crab, 


or on repeated distur] ance It occurs more readilv 


in smaller specimens, and large ones can seldom he 
induced to swim. 

R. G. HARTNOL! 
Marine Biological Station 
(University of Liverpool), 


Port Erin, Isle of Man 


A New Cercaria of the Subfamily 
Gymnophallinae (Trematoda: Digenea) 
developing in a unique ‘Parthenita’ in 

Littorina saxatilis (Olivi) 


\ ‘PARTHENITA’ containing furcocerous and tailless 
stages of a gymnophalline cercaria was found in the 
hzeemolymph spaces of the digestive gland, gonad and 
gonoduct of the gastropod Littorina saxatilis. The 
unique feature of this ‘parthenita’ is that it has the 
essential the which it 
It is not yet possible to decide whether 


same structure as cercarie 
produces. 
this ‘parthenita’ is, in fac 
kind of multiplication more usually associated with 
a redia or sporocyst ; or whether it is a sporocyst or 
redia with a structure similar to a Until 
this is decided the word ‘parthenita’ will be used here 


. @ cercaria possessing the 


cerearia. 


to indicate an analogy with the more usual redia o 
sporocyst found in digenetic trematodes. 

This is the first record of a gymnophalline cercaria 
developing in a gastropod mollusc ; previous records 


A detailed 


on this 


been recorded from Jlamellibranchs 
of the 
species is being prepare d for public ation. 

The found in 490 of 14,000 
specimens of saxatil Ss examined between 
1959 at Aberystwyth 
and in 59 of 1,100 snails in August 1959 at Plymouth 
confined to 


having 
account information available to date 
‘parthenita’ was 


rena 


small 
mm. in length, 
favourablk 


Infection was almost exclusively 
molluses, measuring from 0-6 to 5-0 
occurring in the supralittoral zone; in 
circumstances up to 40 per cent infection exists. 
The fully formed ‘parthenita’ (Fig. 1) is spherical 


in shape, measuring 0-2—1-2 mm. in diameter and 
containing 20-2,000 tailless cercariz. 5-70 fully 
formed ‘parthenitz’ may occur in any one host. The 


whole surface of the ‘parthenita’ is covered with 
alternating rows of large backwardly directed spines. 
An oral sucker is present and specimens measuring 
less than 0-2 mm. in diameter have, ventral 
sucker. The bifurcated alimentary canal consists of 
pharynx, osophagus and two dilated czeca which are 
connected to the body-wall of the ‘parthenita’ by 
strands of tissue. There is no birth pore. The 
excretory system is best seen in specimens less than 
in larger specimens the arr: 


a lso, a 


0-3 mm. in diameter ; inge 
ment becomes difficult to observe. The translucent 
excretory vesicle is Y-shaped, the arms of the Y 
extending forwards as far as the posterior border of 
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Fig. 1 A fully formed ‘parthenita’ containing tailless gymno- 
phalline cercarie from Littorina saratilis. ¢, Caecum : ¢.., ciliated 
epithelial cells of cecum; oes., wsophagus; o.s., oral sucker; 
ph., pharynx ; 4./., tissue strand supporting cecum: ¢.c., tailless 
cercaria 


the pharynx, curving inwards as they do so. The 
flame cell formula is 2((2 2) (2)) 12. The 
parthenita’, therefore, closely resembles a tailless 
gymnophalline cercaria. 

Many ‘parthenitz’ have been examined, and from 
these it has been possible to construct a series in 
development terminating in the formation of the 
fully formed ‘parthenita’ containing tailless cercarie. 

The earliest stage so far discovered is the mother 
parthenita’, several generations of which may occur. 
The mother ‘parthenita’ measures 0-16—-0-4 mm. in 
diameter and has all the anatomical features of the 
fully formed ‘parthenita’ except that it contains 
5-12 developing ‘parthenitze’ instead of cercariz. 

The contained ‘parthenit#’ undergo a most unusual 
development, passing through a furcocercous stage 
similar in size and structure to the furcocercous 
cercariz, which later develop into tailless cercariz 
in the fully formed ‘parthenita’. Unlike the furco- 
cercous cercariwe, however, the tails are spineless and 
immobile ; these furcocercous stages cannot swim 
when released artificially. During the course of 
further development the tail of each furcocercous 
stage degenerates and a cavity containing germinal 
halls is formed in the body This results in the 
formation of a number of contractile tailless ‘par 
thenitz#’ with the characteristic features of a tailless 
gymnophalline cercaria but possessing, also, a cavity 
illed with germinal balls. These ‘parthenitz’ increase 
in size and the pressure so produced causes the wall 
of the mother ‘parthenita’ to burst, releasing al] the 
parthenit#’, which are by this time at a similar stage 
in development. The body of the liberated ‘par- 
thenita’ measures 0-12—0-4 mm. in length, depending 
on the state of contraction. It is extremely mobile ;: 
moving through the hemolymph spaces of the host 
by alternate attachment of oral and ventral suckers. 
The ‘parthenite’ gradually develop into immobile 
spheres measuring up to 1-2 mm. in diameter; the 
ventral sucker degenerates in specimens more than 
0-2 mm. in diameter. This is the stage already 
described as the fully formed ‘parthenita’ containing 
the tailless cercarizx. 

The development of the cercaria within the 
parthenita’ shows a fundamental similarity to the 
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development of the ‘parthenita’ itself. On release 
from the mother ‘parthenita’ the ‘parthenita’ contains 
a number of germinal balls. These first develop into 
furcocercous cercariz with opaque mobile bodies 
measuring 0-12 mm. in length ; the tail stem measures 
0-042 mm. in length and the furce 0-043 mm. Both 
the body and the tail are covered with alternating 
rows of small spines. No eyespots or penetration 
glands are present. The excretory vesicle is Y-shaped 
and the flame cell formula is 2((1) + (1)) 4. If 
released artificially the furcocerous cercaria swims by 
lashing its tail but it survives only for a short time 
in these circumstances. While still inside the ‘par- 
thenita’ the tails degenerate and extremely contractile 
transparent tailless cercarize result. The following 
characters of these tailless cercariz demonstrate 
how they differ from all previously described gynino- 
phalline tailless cercarie and metacercarie ; they 
indicate, also, how closely the tailless cercarie 
resemble the ‘parthenita’ which produces them. They 
are extremely small, the body measuring 0-05 
0-14 mm. in length according to the degree of con- 
traction. Alternating rows of spines cover the whole 
body except for a region on the ventral surface 
between the oral and ventral suckers. The suckers 
are subequal. Three pairs of penetration glands are 
present, the posterior border of the largest reaching 
as far as the bifurcation of the gut. The arms of the 
translucent Y-shaped excretory vesicle are unbranched 
and extend forward as far as the posterior border of 
the pharynx, converging on it as they do so. The 
flame cell formula is 2((2 2) + (2)) 12. Rudi 
ments of the genitalia lie behind the _ ventral 
sucker. 

The formation of the tailless cercariz within the 
fully formed ‘parthenita’ probably terminates the 
cycle of development in the molluscan host, th 
tailless stage being infective to the definitive 
host. 

All previously recorded gymnophalline cercaria 
develop in sporocysts in lamellibranchs. The 1 
cereariz, also, occur in lamellibranchs, with two 
exceptions which have been recorded from gastropods 
Since the ‘parthenita’ and cercaria described here are 
almost identical in structure and development 
possible that this is a case in which the type of 
multiplication that usually occurs in the sporocyst 
has extended into the cercaria. In other words the 
germinal cells in the cercaria, instead of giving rise 
to the reproductive organs of the adult, remain 
germinal and continue to multiply by polyembryon) 
with the result that the cercaria in effect becomes a 
parthenita. If this life-cycle includes, also, a more 
‘normal’ sporocyst not yet found and preceding the 
above described ‘parthenita’ then this may be the 
case, the life-cycle then being a modification of that 
normally found in the Gymnophallinae. If, on the 
other hand, no such sporocyst or its equivalent 1s 
present then the life-cycle might be more primitive 
than that of any other known digenean, the ‘par 
thenita’ indicating how multiplication in the molluscan 
host could have developed from an adult. Specula- 
tions, however, are unwise until the entire life-cycle 
of this form is known. Attempts at solving th 
life-cycle experimentally are in progress. 


B. L. JAMES 


Department of Zoology, 
University College of Wales, 
Aberystwyth. 
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Forecasting the Annual Yield in Sea Fisheries 


Ir is well known that the annual yield of the sea 
fisheries varies very much from year to year. An 
example of such variation is shown in Fig. 1 in which 
the broken curve shows the number (in millions) of 
skrei—spawning cod (Gadus callarias)—caught in the 
Lofoten fishing area of northern Norway in the years 
1885-1958. It is obvious that such fluctuations make 
the planning of the fishing industry very difficult 
and that reliable forecasts would be helpful, even if 
they are only rough approximations. 

In an earlier paper' I made the suggestion that 
it might be possible to compute yield forecasts by 
means of an aggregate of sine functions, using the 
periodic or period-like components found in series 
of measurements of the width of the annual growth 
zones in forest trees. The underlying idea was that 
the width of the growth zones and the size (in number) 
of the year-classes of fish populations might be 
determined by common factors. A rough outline of 
a theory was given 


\L\/ 


Fig. 1 


Hjort? succeeded in showing that there are great 
fluctuations in the size of the year-classes in fish 
populations and concluded that these fluctuations 
were the main cause of the fluctuations in the yield. 
But fluctuations in the yield are also caused by other 
factors, such as weather conditions and altered 
fishing technique. Therefore, a successful forecast of 
the relative size of the stock of fish may not be a 

cessful forecast of the yield ; but it might. show 
nh approximately correct trend. 

In 1939 I became acquainted with the results of 
the analyses of some series of measurements of the 
width of the growth zones of the Scots pine (Pinus 

estris L.) found by Ording*. His samples were 
iken im a forest in the neighbourhood of the Lofoten 
Then, in order to verify my idea I 
litted the series of annual yields of the skrei fisheries 
in the years 1885-1939 by a function constructed by 
ans of four components (substituted by sine 
inctions) found by Ording. The lengths of these 


components were 11, 17-5, 23 and 57 years. Also the 


ning area. 


| 


phases of the components were taken from the 

ults obtained by Ording. The actual yields were 

ed merely for the computations by the least-square 
method of the weights of the components. The 
result, as well as the method of computation, is 
Later on I also included the 8-5 
ears component. The result so obtained is given 
by the smooth curve for the years 1885-1939 in 
Fig. 1. 

Since this curve is constructed by means of an 
iZgregate of sine furtctions, it can be extended to 
future years and might be used as a forecast of the 
Actually, it is intended to be a 


forecast of the relative size of the stock of skrei. 
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The thin curve 1940-58 shows the actual yields 
and the thick curve the 1939 forecasts for the same 
years. 

It is evident that differences of the same magnitude 
as those observed in the years 1885-1939 should be 
expected. The largest differences between actual 
yield and forecast are found for the war years 1941—45 
and in the years 1948-49. In the fishery reports 
from the Lofoten area I have found nothing which 
shows conclusively that the fishing was hampered by 
the war. But, bearing in mind the changes in the 
general conditions brought about by the war, I think 
we can assume that this was in fact the case. In 
1948 and 1949 the weather conditions were uncom 
monly unfavourable. Bearing this in mind, the 
following conclusions seem to be justified: (1) That 
the width of the growth-zones of the pine and the 
size of the year-classes of the skrei are determined 
by the same main factors. (2) That it is possible to 
compute reliable forecasts of the yield of fisheries by 
means of the components found in series of measure- 
ments of the width of the growth-zones of the pine. 

There is no doubt that the tech 

nique of forecasting can be im 

proved. But in order to make 
improvements possible, it is neces- 

\ sary to sample new series of 
measurements of the width of 
growth-zones in forest trees and 
try to get better estimates of 


‘y the lengths and the phases of 
F the more important components. 
45 5 55 60 The same method might prove 


to give satisfactory forecasts in 

other fisheries. too. However, the 
fishing technique used in the Lofoten area is very 
conservative, so that it can be assumed that the 
yield is a fairly constant percentage of the stock of 
fish. In other fisheries this may not be so. It is 
obvious that, for example, the introduction of a new 
technique may cause disturbances which are difficult 
to overcome. 

I am very much indebted to Gunnar Rollefsen, 
director of the Norwegian Sea Fishery Investigations, 
for supplying me with data. 

PER OTTESTAD 

Norges Landbrukshogskole, 

Vollebekk, 
Norway. 
* Ottestad, Per, Rep. Norw. Fish. and Marine Invest., 7, No. 5 (1942). 
*Hjort, Johan, Cone. Perm. Internat. l’ Explor. Mer, Rapp. et Proc. 
Verb., 20 (1914). 
Ording, Asbjorn, Medd. norske skoyforsoksresen, B, 7, W.2 (1941). 


ANATOMY 


Fine Innervation of the Carotid Body 
of the Rhesus Monkey 


ALTHOUGH first mentioned in 17441, the first clear 
and accurate description of the carotid body was not 
published until 18622. However, modern knowledge 
of the structure of this organ dates from 1926°%. 
Since that time detailed macroscopic and microscopic 
studies of the structures found in the carotid bifur- 
cation have been made on many different animal 
But in the Anthropoidea, except for the 
work of Sato*, only macroscopic studies of this 
region have so far been undertaken (18525, 1899%, 
1928 7, 19328, 1935°%,"). Sato’s work is concerned only 


species. 
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with the general histology of the organ and not its 
detailed innervation. 

This is a preliminary report of part of an investiga- 
tion into the histology and cytology of the carotid 
body and carotid sinus of Macaccus rhesus. 

Rhesus monkeys were anzsthetized and then per- 
fused through the heart first with warm normal 
saline to wash out the blood, and then either with 
10 per cent formal—saline or Bouin’s fixative. 

The carotid bifurcation and adjacent tissues and 
structures were carefully dissected out and either 
treated : (1) according to the Bielschowsky method 
for pieces with pyridine treatment", or (2) 7y serial 
wax sections were subjected to Bodian’s silver 
protargol method using silver proteinate obtained 
from Roque’s Laboratory, Paris*. 

With both techniques, the only glomus cells found 
to be innervated were the chief cells (De Kock’s 
Type 1 cells’). Many fine nerve fibres wind round 
the large individual chief cells, or groups of chief 
cells, either in a regular manner (Fig. 1) or to form a 
tangled meshwork (Fig. 2). The fine nerve fibres 
appear to be in direct contact with the chief cells with 
no interposed interstitial cells'*-"5. No evidence was 
found of De Castro’s ‘“‘menisque terminaux’’** within 
the cytoplasm of the cells. 

The fine nerve terminals are of the order of 0-2 
0-54 in size. They fuse with each other to form 
larger fibres (Fig. 3) which run between the glomeruli 
of chief cells, and, joining other large fibres, emerge 
from the carotid body to form its contribution to the 
sinus nerve. 

No evidence was found to support the observation! 
that the heavily medullated fibres of the sinus nerve, 
which most authorities consider as innervating both 
carotid body and sinus, do not take part in the 
innervation of the carotid body but are merely passing 
through on their way to the carotid sinus. 





Fig. 1. A group of glomus cells showing the fairly regular arrang: 
ment of their innervating nerve fibres 





Fig. 2. Glomus cells enclosed in a tangled meshwork of nerve 
fibres 
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Fig. 3. Part of the carotid body showing the large globular 
glomus cells, sinusoids, and large nerve fibres running between 
the glomeruli 


One of the difficulties encountered in this study 
was that the smallest nerve fibres are very near i! 
size to the limits of resolution of the light microscop« 
However, further support for these observations that 
(1) only the Type I glomus cells are directly inne 
vated by the glossopharyngeal fibres without th: 
intervention of interstitial cells, and (2) that no 
evidence could be found for an innervation of Dr 
Kock’s Type II cells, comes from the recently mad: 
electron microscope studies on the carotid body 
of the cat by Garner and Duncan™. 


R. P. GouLp 


Department of Anatomy, 
Middlesex Hospital Medical School, 
London, W.1. 

* Berckelmann, M. L. R., ““De Nervorum in Arterias Imperio’’ (1744 
* Luschka, H., Arch, Anat. Physiol. Lpz., 405 (1862). 

De Castro, F., Trab. lab. Invest. biol. Univ. Madrid, 26, 365 (1926)- 
‘ Sato, S., Igaku kenkyuu, Fukuoka, 6, 707 (1932). German abstra 

in Jap. J. Med. Sci., Anat., 5/ii: abstracts 82 (1934). 

*Theile, F. W., Arch. Anat. Physiol., Lpz., 419 (1852). 
*Tandler, J., Denkachr. Akad. Wiss. Wien, 67, 677 (1899). 

’ Danielopolu, D., and Maneseu, E., Z. ges. exp. Med 3, 14 

(1928). 

* Botar, J., C.R. Ass. Anat., 27th Reunion, 177 (1932). 
* Botar, J., Arch. Mus. Hist. Nat. Paris, Ser. 6, 12, 243 (1935). 
* Ask-Upmark, E., Acta psychiat., Kbh., Supp. 6, 1 (1935) 
*“The Microtomist’s Vade Mecum”’, 528 (1950) 

Polley, E. H., Anat. Rec., 125, 509 (1956). 

De Kock, L. L., Nature, 167, 611 (1951). 
* Meijling, H. A., Acta Neerl. Morph., 1, 193 (1938). 
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De Castro, F., Acta Physiol. Scand., 22, 14 (1951). 

Botar, J., Arch. Mus. Hist. Nat. Paris, Ser. 6, 12, 243 (1935) 
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HAMATOLCGY 


Some Red-Cell Antigens of Bison bonasus 
as compared to Red-Cell Antigens of 
Domestic Cattle 


Rep cells of a bison (Bison bonasus) were submitted 
to serological examination in order to find antigenic 
similarity and differences between the erythrocytes 
of bison and those of domestic cattle. The blood 
groups phenotype of the individual in study was as 
follows : 


A — A’, E’, 
(The phenotype was determined using 38 bovine 
blood-typing reagents : 


W, X, F —J L 
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A; B,G, I, E,, 


he O, 04. CO. 2a 254, 2, 3’ Be 
Zo’, Bye 8 Ge Co dois me ee Me ee st BF, Vs Os 
L: BM: 8, 8a Va Ue V's 3 Ber FB. 


These reagents were kindly given to us by the 
Department of Genetics, University of Wisconsin, 
and by the Institute of Animal Breeding, Royal 
Agricultural College, Uppsala.) 

The red cells of the bison studied were injected 
into seven rabbits and two heads of cattle (twins). 
The blood group phenotypes of the immunized 
animals were as follows : 


Ko. Set — ¢, ¥, 2, &’ —- Cc. X ~ F - 


No. 21/57 — I, Y, E’;, K Xs KF 


(For determination of these phenotypes 19 standard 
reagents—A ; B, G, I, Y, K’; C,X,, L’; F, V 
J: L; 8,,8.,U, U2; Z—were used.) 

\fter one series of immunizations (10 injections 
into each rabbit and three injections into each of the 
eaitle) the animals were bled. The rabbit-immune 
sera reacted in high titres with both bison and cattl 
red cells (Table 1). The two cattle-immune sera 
exhibited the lytic titres of 1:64 and 1: 16 against 
the bison red cells. These sera contained also anti 
bodies for some samples of cattle red cells. 

Table | RESULTS OF THE AGGLUTINATION AND LYSIS TESTS, USING 


UNABSORBED AND ABSORBED RABBIT ANTI-BISON RED-CELL SERA 
WITH BISON AND CATTLE RED CELLS 


| Titres of red cells 


Serum Bison | Cattle 
Agglut Agglut- 

| ination | Lysis | ination | Lysis 
N 7272 Unabsorbed 2,048 1.006 0 1,024 
Absorbed | 32 64 0 0 
No. 7144 Unabsorbed 2.048 2.048 0 | 512 
Absorbed 16 16 0 | 0 
| serum of | Unabsorbed 8.192 3,192 0 1,024 
ill 7 rabbits Absorbed 64 128 0 0 


Serum No. 20/57 reacted with 20 of the 110 tested 
cattle red-cell samples ; serum No. 21/57 reacted with 
15 of the 109 tested samples. The specificity of these 
untibodies could not be identified with any of the 
38 standard reagents ; more detailed studies on this 
problem are in progress. 

In order to test whether the bison red tells bear 
ntigenic substances particular only to this species, 

rabbit anti-bison red cell immune sera were 

bmitted to absorption with cattle red cells. It was 

sumed that this absorption would remove anti- 
dies for those bison antigens which are identical or 
similar to some of the cattle red-cell antigens. 

The 10 samples of the cattle red cells employed in 
10 absorption contained all known antigens except 
he antigens: H, J, P, E, and Z’. In the given case, 
mly the absence of H and P antigens was of con 
quence. The remaining antigens, that is, 7, Z, and 

were not present in the bison blood sample, and 
herefore there was no possibility that any antibodies 
nuld be formed against these antigens. 

The rabbit anti-bison red-cell sera absorbed with 
ittle red cells gave a negative reaction with each 
f the 48 cattle red-cell samples, whereas they gave 

clearly positive reaction with the red cells of the 
bison, and what is more, even in rather high dilutions. 
hese results are presented in Table 1. 

Despite the fact that these tests require further 

development and repetition on a wider range of 
specimens, our results allow us to conclude that: 
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(1) The erythrocytes of bison blood contain the 
antigens: A of system A, A’EH’, of system B, WX, 
of system C, F of system FV, J*% of system J, LZ of 
system L. They are all either identical or very similar 
to the antigens present in the domestic cattle. 

(2) The red cells of the tested bison contain 
other, still unidentified antigenic factor(s) which may 
perhaps be found also in some of the cattle red- 
cell samples; these factors are antigenic to those 
individuals of cattle which do not contain them. 

(3) The red cells of the tested bison contain one 
or more antigenic properties specific for them, which 
were not found in the cattle red-cell samples studied 

Thanks are due to Profs. M. R. Irwin and 
W. H. Stone of the University of Wisconsin for their 
friendly encouragement of this research and persona] 
suggestions, to Dr. 8. Dubiski of the Institute of 
Hematology, Warsaw, for valuable advice and 
comments, and to 8. Wezyk for handling part of the 
field work. 

M. CzasA 
J. GASPARSKI 
Polish Academy of Sciences, 
Institute of Experimental 
Animal Breeding. 
Warsaw. 


Haptoglebin Types in South-East Asia 

THE discovery that the haptoglobin present in 
human serum can be resolved into a number of 
different types by electrophoresis in starch gel' and 
the subsequent demonstration that these types are 
controlled genetically? has opened a new field of 
investigation in human population genetics. Already 
the distribution of the haptoglobin phenotypes has 
been reported for a number of different populations 
in the world’, and several other investigations 
privately reported to us are in progress. 

The present study covers the distribution of the 
haptoglobin types among the three major ethnic 
groups in Malaya. Blood samples were obtained by 
venepuncture from healthy adults. In Perlis the 
samples were collected into Bayer ‘venules’ and sent 
to Perth as clotted blood: in Kuala Lumpur the 
samples were collected into syringes, and the serum 
was separated from the clot before being sent to 
Perth. In both cases the samples were flown in 
ice-cold containers and were generally in Perth within 
48 hr. from the time of collection. 

During the early part of the investigation electro- 
phoresis was carried out in horizontal trays according 
to the original method of Smithies*, using the 
hydrolysed starch supplied by the Connaught 
Medical Research Laboratories and borate buffer. 
Hemoglobin was added to the samples prior to 
electrophoresis to give a concentration of approx- 


Table 1 NUMBER OF PERSONS BY HAPTOGLOBIN TYPE IN VARIOUS 
SovuTH-EAst ASIAN POPULATIONS 








Hp type 

Place Ethnic rotal 

(rroup (ro 1 l 2 1 2 1 2 ‘ 

(mod) 

Perlis Malays 0 5 53 0 99 

Indians l 2 17 2 110 
Kuala Malays 2 7 31 l 38 79 
Lumpur | Chinese 1 9 36 0 55 101 
Indians 3 2 13 0 69 87 

Perth 

(students) | Chinese l 9 21 35 66 








Ethnic group No. tested ) 
0-0 1-1 2-1 | 2 
| Malays 236 0°38 5-1 35-6 
Chinese 167 12 10°8 34-1 
| Indians | 219 1:3 1-8 13-7 


| | 
' ' 


imately 100 mgm. hzemoglobin/100 ml. of serum. The 
haptoglobin bands were rendered visible by means of 
a benzidine reagent. In the latter part of the 
investigation electrophoresis was carried out in 
vertical trays’, the other conditions remaining the 
same. 

Table 1 records the haptoglobin types for the 
Perlis and Kuala Lumpur samples together with a 
smaller number of samples collected from Asian 
students in Perth. There is no significant hetero- 
geneity for any of the ethnic groups with respect to 
the place from which the samples came. For the 
calculation of gene frequencies the samples have 
been combined and the 0-0 and Hp 2-1 (mod) 
phenotypes excluded from the calculation. 

Several points of interest arise when the present 
results, as shown in Table 2, are compared with those 
reported for other populations. In this material the 
modified Hp 2-1 phenotype* is rare, and no cases 
were noted among the Chinese, only two cases in 
Indians, and a single case in Malays. Similarly, 
individuals completely lacking haptoglobin (Hp 0-0) 
are infrequent also, though more common than in a 
control population of Australian whites’. It is 
extremely difficult to distinguish the Hp 0-0 pheno- 
type with certainty. In many cases the amount of 
haptoglobin present in Hp 2-2 individuals is 
slight that it can readily escape detection. All cases 
where haptoglobin was missing were examined at 
least three times on successive days. But of 
the Hp 0-0 individuals may still represent Hp 2-2 
individuals with haptoglobin concentrations below 
Other cases may 


so) 


some 


the level necessary for detection. 
be individuals temporarily lacking haptoglobin due 
to hemolytic episodes in their past history*. 

It has been suggested that the Hp 0-0 phenotype 
may be due to a modifying gene at a separate locus’, 
or alternatively represents the homozygous condition 
for the Hp*” gene (Giblett, E. R., personal com 
munications). We do not have family material which 
would help in the interpretation of this phenomenon, 
but in the latter case since the modified Hp 2-1 type 
is infrequent in our series it would suggest that the 
homozygous condition Hp?’/Hp*™ should be rare in 
these three ethnic groups. 

The chief point which emerges from the present 
study is the high frequency of the Hp? gene in this 
area, reaching its highest reported value in Indians 
This result is in agreement with the value reported 
by Sutton for a group of Asiatic Indian students in 


North America”. Further studies on populations in 
the Near and Middle East and in central Asia will be 
necessary before a clear picture of the Hp gene 
distribution in Asia as a whole is obtained. We are 
extending our own investigations to cover the 


aboriginal populations in this area, and a survey of 
the variations in the 7'f and Gm serum protein groups 
for ali these populations in South-East Asia is at 
present in progress. 
Our thanks are due 


Health and Medical 


National 
and the 


Australian 
Council 


to the 
Research 


Research Grants Committee of the University of 
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— = #0) | P 
1 (mod.) 2-2 Hp* Hp* | 
0-4 58 | 0-24 | 0-76 0-2 0-7-0-5 
. 53-9 0-28 0-72 3-58 0-1-0-05 
0-9 81:7 | 0-09 | 0-91 0-70 0-5-0°3 
enon a) — mais [K\, 
Western Australia, for financial assistance, and io 
Dr. Eloise Giblett for a sample of a Hp 2-1 (mod) 
serum. 
R. L. KrrK 
L. Y. C. Lat 
Zoology Department, 
University of Western Australia, , 
Perth, W.A. 
SYED MAHMOOD 
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Federation of Malaya. 
R. BHAGWAN SINGH 
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Federation of Malaya. 
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Retention of Potassium by Human ch 
Erythrocyte Ghosts 

ime 


WHEN ghosts prepared from human erythrocytes in 


by lysis in water are washed in a saline medium, pr 
sodium and potassium ions are nearly uniformly ri 
distributed across the ghost membranes'. In attempt at 
ing to prepare ghosts with higher potassium and un 
lower sodium concentrations than those of a saline 
medium we have found that incubation at 37° C im 
enables them partially to retain potassium and keep sit 
out sodium during subsequent washings and no 
incubation. re 
A hemolysate of completely lysed human erythro wi 
cytes was made approximately isotonic with plasma th 
by the addition of 3 M salt solution (5 parts potassium sic 
chloride and 1 part sodium chloride) to give final gh 
concentrations of 150 mM potassium chloride and f or 
30 mM sodium chloride. The ghosts were washed mi 


three times at room temperature in a saline medium 


(0-17 M sodium chloride, 0-005 M potassium chloride, wi 
0-01 M sodium phosphate, pH 7-4), this process 37 
taking about 30 min. The potassium concentration lo: 
in the ghosts (hemoglobin content about 10 per cent fr 
of original erythrocytes) was approximately three 

times that in the medium, and incubation of the i¢ 
hzemolysate at various temperatures and for different pe 
periods of time before the addition of 3 M salt su 
solution made no difference. However, when the th 


suspension was incubated for about 30 min. at 37° cle 
in 150 mM potassium chloride after the addition of 
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Fig. 1 rhe effect of incubation of a hamolysate after the addi- 
n of 3 M salt solution to give 150 mM potassium chloride and 
) mW sodium chloride, at different temperatures for 40 min. 
iph A), and at 37° C. for varying periods of time (graph B), 
the potassium concentration of red cell ghosts afterwards 


washed three times in physiological saline solution. [K]y has the 
unit: m.moles potassium/litre of ghosts 
the 3 M salt solution, the washed ghosts then 


contained about twelve times more potassium than 
the medium 30th the temperature and the period of 
ncubation affected the amount of potassium found 
in the washed ghosts (Fig. 1). The more potassium 
present the higher the temperature of incubation 
37° C.), and ghosts incubated for 40 min. 
’. contained twice as much potassium as those 


range 10 
at 10° ¢ 
unincubated at 

Ghosts spun down from a hemolysate and then 
incubated in 0-17 M potassium chloride acquired a 
similar ability to retain potassium, showing that the 


any temperature. 


non-particulate part of the hzemolysate was not 
required. The final potassium concentration of 
washed ghosts, however pre pared, was never more 


than 50 per ce nt of the concentration in the suspen- 
washing. This may be because half the 
ghosts were equilibrated with the washing medium 
the retained only half the 
maximum possible potassium, although these explan 
exclusive. During the incubation of 
the medium for 4 hr. at 
5 m.moles potassium/l. ghosts/hr. were 


sion before 


or because all ghosts 
ations are not 
washed ghosts in 
mae ¢ 
lost, which is ¢ 
from fresh starved erythrocytes. 

The that containing about 
10 per cent of the hemoglobin of erythrocytes may 


saline 
, about 
bout twice the rate of loss of potassium 
results show ghosts 
partially retain potassium during three washes and 
subsequent incubation in a saline medium, suggesting 
that after osmotic hemolysis ghosts may regain some 
degree of the low permeability to potassium which is 
characteristic of erythrocytes. 
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' Ponder, E ‘Hemolysis and Related 


y (Churchill, 
London, 1948) 


Phenomena” 


Porphyrin Biosynthesis in the Leucocyte 


THE presence, in various animal tissues not prima 
ily hematopoietic, of some or all of the 
systems taking part in porphyrin and haem biosynthe- 
sis has been reported by many authors. However, 
until recently, any investigation of porphyrin biosyn- 
thesis in the leucocyte has been hindered by the 
contamination of tissue preparations with erythro- 
having a much greater synthetic capacity. 
During a systematic study of several enzyme systems 
in the normal and pathological leucocyte now being 
carried out in this clinic, a method of preparing 
undamaged leucocytes, completely free of erythro 
cytes and thrombocytes, has been developed'. It 
therefore seemed interesting to study the behaviow 
of these enzyme systems in this readily available and 
easily quantitated tissue. 

After incubation of a homogenate of normal human 
leucocytes with §-amino-levulinic acid under standard 
conditions (4 hr. at 37° C., pH 7-4, 0-8 10’ leuco 
cytes/400 uwl.), a substance giving a red colour insoluble 
in chloroform on reaction with p-dimethylamino- 
benzaldehyde is found in the deproteinized super 
natant. The absorption spectra of this colour and 
that formed by a solution of porphobilinogen in the 
incubation medium are exactly superposable between 
450 and 600 my, with peaks at 522 mu. 
No fluorescence is seen under Woods light and only a 
very slight peak between 400 and 410 mu. After 
supernatant at LOO°C., 
for } hr., a distinct red fluorescence .is 

with the appearance of a peak at 
407 mu, indicating strongly that the Ehrlich reacting 
substance was porphobilinogen, transform 
able to porphyrin. A quantitative analysis of these 
results will be published elsewhere. 

It is interesting to note that leucocytes prepared 
from the blood of normal guinea pigs showed synthe- 
sis of porphyrin after 4 hr. incubation. Due to the 
purification of any 
porphyrins formed has been attempted. The 
centrations were roughly compared by comparison 
of the corrected absorption at the Soret peak, that 
is, of the deproteinized incubate supernatants. 

Chromatography of the supernatant of an incubate 
of authentic porphobilinogen with normal leucocytes 
under standard conditions showed two 
corresponding to the porphobilinogen marker together 
with another, remaining near the origin and becoming 
blue on standing. Attempts at chromatography of 
the supernatant from an incubation with $-amino 


enzyme 


cytes 


and 555 


heating the deproteinized 
and pH 1-2, 
seen, together 


present 


small amounts no analysis or 


con 


spots, one 
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Authentic 
Porphobitinogen 


Porphobil n 
synthesized by 
leucocytes 
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Wave-length (my) 
Fig. 1 





levulinic acid were not reliable due to the contamina- 
tion of the minute quantities involved. However, 
while no typical porphobilinogen spot was seen, one 
remaining near the origin and turning blue on stand- 
ing was present. Demonstration either that this spot 
is similar to the atypical spot on the porphobilinogen 
chromatograms or is only an artefact must wait until 
very much larger quantities are available. 

If the incubation is continued, porphyrin fluores- 
cence is seen in the supernatant after 24 hr., indicating 
that its absence earlier in the incubation could be a 
problem of the concentration of the different factors 
involved. However, incubation of a more concen- 
trated homogenate, approx. 40 x 10° leucocytes/ 
incubation, led to synthesis of proportionately 
greater quantities of porphobilinogen, always without 
the appearance of porphyrin. Incubation of authentic 
porphobilinogen in physiological quantity (6 myM) 
with leucocytes under standard conditions leads to 
porphyrin formation apparently in excess of that in 
the control without leucocytes ; but as this remains 
constant when either the concentration of porpho- 
bilinogen or of leucocytes is increased, the apparent 
difference is probably due to the method of estima- 
tion. It seems most likely that the presence of 
porphyrin after 24 hr. incubation is due to the 
spontaneous condensation of the porphobilinogen 
synthesized, and that the mature leucocyte, while 
able to form porphobilinogen, cannot carry the 
synthesis any further. There are two possible 
explanations of this: that porphobilinogen-deaminase 
is in fact absent, or that it is present but inhibited 
in some fashion. 

That it is present and active in the immature cell 
is indicated by the results of incubation of leucocytes 
from certain cases of leukemia. When the cell 
preparation contained a large proportion of young 
cells, either monoblasts, lymphoblasts or myeloblasts, 
there was net synthesis of porphyrin after incubation 
with $-amino-levulinic acid under standard condi- 
tions. It is possible that, on maturation of the 
leucocyte, a system which slightly transforms 
porphobilinogen so that it cannot be utilized by 
porphobilinogen-deaminase may come into play. 

It is also interesting to note that in two cases, one 
of acute myeloid and one of acute lymphatic leukemia 
where the cells contained little or no protoplasm, 
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there was no synthesis of either porphobilinogen or 
porphyrin from $-amino-levulinic acid, demonstrating 
that these enzymes are probably exclusively present 
in the cytoplasm. 
We wish to thank Prof. C. Rimington for his advice 
on our chromatograms. 
B. CuLLiTy 
A. VANNOTTI 
Clinique médicale universitaire, 
Lausanne. 


? Borel et al., Acta Med, Internisten, 063/31 (1959). 


Hemolytic Disease of the Newborn 
probably due to Anti-f 


A CASE is briefly presented, the chief feature of 


which is the production of anti-f held to be responsible 
for severe hemolytic disease of the newborn. Prior 
to her marriage the patient, Mrs. M. H., group O, 
Rh positive, most likely genotype R'R! (DCe/DCe), 
was transfused with Rh positive blood of unknown 
genotype. The first pregnancy ended in a full-term 
stillbirth but no autopsy was performed. The 
second pregnancy also terminated in a full-term 
stillborn due to hydrops. During this second delivery 
the patient received 500 c.c. of group O, Rh negative 
blood followed by a severe hemolytic reaction and 
renal shutdown. The patient recovered with the aid 
of an artificial kidney and received a total of 13 pints 
of blood—all compatible by an indirect Coombs 
cross-match. 

The third infant delivered in 1958 by Cesarean 
section at 38 weeks had severe hemolytic disease 
and recovered after replacement transfusion with 
group O, Rh positive compatible blood. 

The first blood specimen of Mrs. M. H. was sub- 
mitted during August 1959 in the seventh month of 
her fourth pregnancy. Screening tests indicated that 
the serum contained an antibody which reacted with 
albumin-suspended cells. On testing the serum with 
a panel of cells it was observed that bloods 
R'*R'(DCe/DCe), R'R(DCe/DcE), r’r’(dCe/dCe) and 
rury(dCE/dCE) failed to react, while R?R*(DcH/DcE) 
gave either negative or very weak reactions. Cells 
of genotypes R'r and rr and others having antigens 
ce and e carried by the same chromosome in single or 
double dose reacted strongly. The failure of the 
serum to react with the 4 r’r’ and ryr¥ bloods excludes 
the presence of anti-d. These findings suggested the 
presence of a very weak anti-c but a predominating 
antibody, anti-f. In order to exclude a prozone 
indicative of a potent anti-c, the serum was titrated 
with R*R? cells and this result confirmed the presence 
of a very weak anti-c. The titre of anti-f as determ- 
ined by tests with rr bloods was 1 : 32. These findings 
were fully confirmed in tests of a second specimen of 
the patient’s serum submitted later in the seventh 
month. 

Mrs. M. H. was delivered by Cesarean section one 
month prior to the expected date of delivery and the 
baby was reported as normal at birth, but soon 
developed jaundice. The direct Coombs test of the 
cord blood was moderately positive. The infant 


Table 1. TgsTs OF THE RED CELLS OF THE PARENTS AND AFFECTED 


INFANT 
DCEcefkKk Fy 8 s MN P 
Father oO ++0O0O+++0+ 0 0+4+0 + + 
Mother A ++00+4+0++4 + +0+0 
Cord A + +0+ + + Not tested 
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Table 2 
| | Eluate 
Probable geno- | No. of Reactions Maternal serum Cord serum | cord red cells 
type “tests with anti-f f SORES aE GRRE “EDEN SREY Seen ean 
1 2 | 2 Pb a 2 
RR ey 0 0 | 0 0 a 0 
R'R® Bal Z 0 0 0 0 | 0 0 (| 0 
RR | 4 0 0 0 0 | 0 0 0 
RR ; 4 0 + 0 0 | 0 0 
R'r |} 2 + + +tHH+ +++4+ ++ p> hebe4 0 +++4 
R'r bm + +++¢+ | +4+4+4+ +++ |} ++++ | 0 +++4 
R°r 1 - ++++ | +4+4++ | +++ $4 0 ++++4 
rr 2 + ++ ++ | ++++ | + j + + 0 ++++ 
rr 2 + +++ | +444 +++ He 0 +++4 
rr 4 + ++++ | +4+++ +++4 +++ 0 ++++4 
rr 4 | 0 0 0 0 0 nt nt 
rr - 0 0 0 | nt nt nt nt 
rey 1 | 0 0 0 0 | nt nt 
R®°* (D /D—--)| 4 nt 0 0 nt nt nt nt i 











nt, not tested. 


Column 1 indicates the reactions with albumin-suspended red cells after centrifugation ; column 2 indicates the reactions with indirect 


antiglobulin test on the albumin-suspended red cells. 


The anti-f and r’r” bloods were supplied by courtesy of Dr. R. E. 


recovered following a replacement transfusion carried 
out with Rh positive blood, compatible with the 
mother’s serum. 

An eluate prepared from the cord red cells by the 
heat technique, revealed the presence of anti-f 
when tested with albumin-suspended cells followed 
by the indirect antiglobulin reaction. The results 
obtained in simultaneous tests of the maternal serum, 
cord serum and the eluate of the infant’s coated red 
cells with a selected panel of test cells are given in 
Table 2. 

Since the supply of maternal serum obtained at 
delivery was exhausted, the specimen taken - at 
7 months was compared with cord serum in parallel 
titrations with ficinated red cells. The results are 
given in Table 3. 


Table 3 
Test cell Maternal serum Cord serum Test for 
R*R* 1:4 1:4 anti-c 
Tr 1:16 1:32 anti-f 


The titre for anti-c was less than the titre for 
anti-f, and this observation together with the findings 
of the cord cell eluates supports the view that anti-f 
induced the hemolytic disease. This case is unique 
because the patient was expected to produce the 
more common anti-c and perhaps anti-f. Surprisingly, 
anti-c was very weak and a more potent and readily 
detectable anti-f was produced. 

In the first example of anti-f, produced by a 
patient immunized by transfusions, there were 
additional antibodies (anti-N, anti-K and anti-S), but 
anti-f was the only Rh antibody produced’.*. Anti-f 
is frequently found as a secondary antibody in most 
anti-c and anti-e sera*, but its demonstration is not 
a simple matter and requires absorption with selected 
cells and testing with enzyme-treated cells. 

There is no apparent explanation as to why this 
inother:who ‘should have produced the more usual 
ombination of a strong anti-c and perhaps some 
anti-f responded preferentially to the ‘weaker’ 
antigen. Studies show nothing unusual in the geno- 
type of her husband’s blood. His ¢ antigen scored 
the same as other R'r bloods. The antigenic stimulus 
in this case, however, was provided prior to her first 
pregnancy by transfusions of bloods which were 
probably f positive and during the delivery of the 
second stillbirth by Rh negative, and, therefore, f 
positive blood. There is in the literature at least one 
‘xample of a patient immunized by pregnancy who 
produced the rare instead of the more common 


Rosenfield, Blood Bank, Mount Sinai Hospital, New York. 


antibody*. In this case an Rh negative patient 
produced a more potent anti-C and a much weaker 
anti-D. Her husband was of the unusual genotype 
Rr’ (DCe/dCe) with suppression of D by gene inter- 
action with the partner chromosome r’ (dCe). We 
and others have also observed several examples of 
Rh negative women who produced anti-K or other 
antibodies and not anti-D even though their husbands 
were Rh positive. 

We wish to thank Dr. Robert J. Collins, Snyder, 
New York, for submitting these specimens and 
supplying us with the case history. 

PHILIP LEVINE 
JANE WHITE 
Marsory STROUP 
Division of Immunohematology, 
Ortho Research Foundation, 
Raritan, New Jersey, 
C. M. ZMIJEWSKI 
JAMES F. MOHN 
School of Medicine, 
University of Buffalo, 
New York State. 


* Rosenfield, R. E., et al., Brit. Med. J., i, 975 (1953). 

® Sanger, R., et al., Proc. U.S, Nat. Acad. Sci., 39, 824 (1953). 

* Race and Sanger, “Blood Groups in Man”, 3rd edit. 

* Levine, P., et al., “Andresen Dedication Book’’, 144 (Munksgaard, 
Copenhagen 195 57). 


PATHOLOGY 


Auto-Antibody in Rats with Plasmodium 
berghei 


In human malaria it has long been recognized that 
total loss of blood is significantly more extensive than 
loss which can be attributed to the direct rupture of 
parasites emerging from infected erythrocytes’. In a 
comparative survey of loss of blood and replacement 
in plasmodial infections of other mammals and birds, 
excessive erythrocyte destruction of the same type 
has been observed in all except one of the host 
parasite combinations studied to date, namely in rats 
with Plasmodium berghei? and Plasmodium vinckei*, 
in rhesus monkeys with Plasmodium cynomolgi, Plas- 
modium gonderi and Plasmodium knowlesi*, and in 
chickens with Plasmodium lophurae (Zuckerman, A., 
unpublished results). 

In this survey excessive loss was particularly 
striking in infections with mild or negligible para- 
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sitemia. In such cases the main anzmic bout 
generally follows peak parasitemia by at least a few 
days, and usually occurs when parasitemia has 
become microscopically negligible or even latent. 


Since direct rupture due to emerging parasites cannot 
but be negligible when parasitzemia is so low; and 
while during the same period up to a third or even 
more of the circulating red cells may rapidly be 


destroyed, the results clearly show that some agency 
other than direct parasitic rupture is engaged in 
destroying red cells. 

A working hypothesis to explain this excessive loss 
was suggested in the earlier papers of the survey, 
namely, that red cells may be sufficiently altered by 
the presence of parasites to become antigenic, and 
that they may then give rise to the production of 
auto-antibody. 

The host—parasite combination of P. berghei in the 
adult rat is a convenient one for demonstrating 
excessive loss of blood, since parasitemia is low and 
loss of blood high. Excessive loss thus stands out 
clearly, and is not masked by loss due to the parasitic 
rupture of host cells. 

Auto-antibody was sought in such rats with the 
aid of a modified Coombs’s test using anti-rat-serum 
rabbit serum as antiserum. The antiserum, as well 
as normal control rabbit serum, was exposed to 
normal washed rat erythrocytes before use, to remove 
an anti-rat-cell agglutinin regularly present in 
rabbit serum. 

Forty-nine Coombs’s tests done in 14 infected rats 
were positive during the period following parasitic 
crisis, while Coombs’s negatives were regularly 
obtained from the same rats before crisis. To date, 
no infected rat which survived until latency has failed 
to pass through an evanescent period during which 
its red cells were antibody-coated. In no case did 
agglutination of Coombs’s positive red cells occur in 
the presence of normal adsorbed rabbit serum. 
Forty-five tests done with the blood of eight uninfec- 
ted control rats exposed to normal or anti-rat-serum 
rabbit serum were all Coombs’s negative. 

Antibody coating of erythrocytes, negative before 
crisis and positive after crisis, wanes and finally 
disappears as blood counts return to normal. The 
period of antibody coating thus closely corresponds 
to that of excessive loss of blood. Since latency 
cormmences at about the same time, the overwhelming 
majority of the coated cells must have been uninfected 
rather than parasitized. 

Removal of the antibody-coated cells from the 
circulation is thought to be the cause of the excessive 
anemia. 

Bilirubin was sought in the serum of four rats at 
the height of the anzmic bout, with negative results. 
Antibody coating at this time is therefore not likely 
to have led to intravascular hemolysis. It is more 
likely that coated cells, being opsonized, are filtered 
out of the circulation by elements of the lymphoid— 
macrophage system. It is germane that unpara- 
sitized red cells, together with infected cells, are 
avidly taken up at and after crisis by macrophages of 
monkeys infected with Plasmodium brasilianum', P. 
cynomolgi and P. knowlesi*; and that chicken 


macrophages in vitro, in the presence of blood infected 
with P. gallinaceum or P. lophurae suspended in 
homologous hyper-immune serum, ingest both normal 
and infected cells’. 

The above experiments are compatible with the 
view that auto-antibody against their own uninfected 
red cells is formed in mature rats infected with P. 
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berghei. The fact that excessive loss of blood similar 
to that in P. berghei rats has also been observed in a 
broad spectrum of plasmodial infections in hosts of 
widely varying phylogeny suggests that a similar 
process may prove to be a general feature of malarial 
pathology. 


AvIvAH ZUCKERMAN 


Department of Parasitology, 
Hebrew University, 
Jerusalem. 
* Maegraith, B., “Pathological Processes in Malaria and Blackwater 
Fever”, 75 (Blackwell Scientific Pub., Oxford, 1948). 

* Zuckerman, A., J. Inf. Dis., 100, 172 (1957). 

* Zuckerman, A., J. Inf. Dis., 108, 205 (1958). 

* Zuckerman, A., J. Inf. Dis. (in the press). 

* Taliaferro, W. H., and Cannon, P. R., J. Inf. Dis., 59, 72 (1936). 
6 ae W. H., and Mulligan, H., Ind. Med. Res. Memoir, 29, 1 
* Zuckerman, A., J. Inf. Dis., 77, 28 (1945). 


Anti-tumour Activities of Copper Chelates 


CHELATING agents have been shown to interfere 
with the utilization of metals by micro-organisms, 
robbing cells of their necessary metals'. Retardation 
of growth of a tumour (sarcoma 37) by the admin- 
istration of two chelating agents, dipyridyl and 
O-phenanthroline, was observed by Leiter e¢ al.*. 
Now, «a-ketoglutaric acid oxime has been found to 
form its copper, iron, or nickel chelate at the physi- 
ological pH, and its antitumour activity in vitro 
was observed by the stained cell count method’. 

The immediate injurious action of the oxime 
(100 mgm./ml.) on the selective permeability of 
Ehrlich carcinoma cells was shown to be increased 
by the formation of chelate compounds. The same 
action of the chelates, copper and iron-«-ketoglutaric 
acid oxime, was brought about by a concentration of 
25 mgm./ml. calculated as the oxime. To show the 
clear antitumour activity, the hydrophilic groups of 
the chelating agent should be masked by the metal 
ion to form the chelate compound which will be more 
permeable through cell membranes including the 
lipoid layer‘. 

Dimethylglyoxime did not exhibit antitumour 
activities at a dose of 50 mgm./kgm./day in vivo. 
But the oxime (3-6 mgm./kgm./day), a chelating 
agent, exhibited potential antitumour activities on 
Ehrlich carcinoma and Crocker sarcoma 180 in the 
presence of copper, and not in the co-existence of 
other metal ions, such as nickel, cobalt, zinc, iron, 
manganese, magnesium and mercury. If antitumour 
activity of the chelate compound is only due to that 
permeable nature, the dimethylglyoxime should also 
exhibit the activity in the existence of other metals. 
But the activity was only exhibited by the copper 
chelate compound. 

Not all the copper chelates always exhibit anti- 
tumour activity. The ligand moiety may also take a 
significant part in the activity. If the activity be 
exhibited by the non-ionic molecule of the copper 
chelates, copper-biacetyl-monoxime should also 
exhibit antitumour activity. 

Both copper-dimethylglyoxime and copper-bi- 
acetylmonoxime inhibited the dehydrogenase activity 
of Ehrlich carcinoma cells at the same concentration 
of 25 y/ml. But the former destroyed the selective 
permeability of tumour cells at 25 y/ml. ; nevertheless 
in the case of the latter chelate more than 180 y/ml. 
were required to cause such action. As has already 
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been described, the former exhibited clear anti- 
tumour activity in vivo, while the latter did not. 
Both of them might permeate the cells to inhibit 
dehydrogenase activity, and only the former clearly 
inhibited tumour growth. 

De Long et al. observed a decreased calcium 
content which is peculiar to tumour tissues. Ambrose 
et al.© observed a marked difference of the electro- 
phoretic motility between tumour and normal cells. 
As suggested by Brachet*, if the increased motility 
of the cancer cells is to be attributed to different 
properties of the cell membrane, the antitumour 
substances, having specific inhibitory actions by 
breaking exclusively the selective permeability of 
cancer cells, may be formed. Some copper chelates 
having an adequate ligand moiety may exhibit the 
specific inhibitory action on tumour cells. 

A full account of this work including the anti- 
tumour activities of the copper-dimethylglyoxime is 
to be published in the journal Gann. 

KazunIko TAKAMIYA* 
Department of Agricultural Chemistry, 
Faculty of Agriculture, 
University of Tokyo, 
Tokyo. 
June 6. 
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‘Phenergan’ and Versene in Dietary 
Liver Necrosis 


Rats fed on Himsworth’s' necrogenic diet have 
livers that are histologically undamaged, except for 
mild fatty infiltration, until an episode of acute 
massive necrosis occurs. Schwarz et al.* reported 
that liver slices from animals fed a necrogenic diet 
showed a metabolic abnormality at times when the 
livers were still normal histologically. The abnormal- 
ity consists of an inability of these slices to maintain 
oxygen uptake for more than about 30 min. when 
incubated in Ringer solution at 38° with oxygen. 

In the present investigation acute massive liver 
necrosis overtook the weanling rats after about 
fourteen days of feeding the yeast diet (mean 17-5, 
S.D. 4-0). Slices were taken from rats without liver 
necrosis at times after the seventh day of feeding the 
diet. Oxygen uptake was measured by the Warburg 
technique with Ringer phosphate* solution with 
1-2mM calcium as the incubation medium. Respira- 
tion declined to 50 per cent of initial rates in 40-60 
min. This decline was invariably and completely 
prevented over test periods of 150 min. by the 
addition of 10-* M ‘Phenergan’ (10-(2-dimethyl 
amino - isopropyl)phenothiazine hydrochloride) or 
10-° M versene (sodium ethylenediamine tetra- 
acetate) (Fig. 1). 

The initial rate of oxygen uptake in Ringer solution 
was the same as the rate maintained by the protective 
additions, and was similar to the rate of oxygen uptake 
by slices from control rats fed the necrogenic diet 
plus a-tocopherol (which completely prevents necrosis). 
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Fig. 1. Oxygen uptake of liver slices. Rat on yeast diet for 9 days 


If ‘Phenergan’ is added to the yeast diet fed to the rats 
the onset of massive liver necrosis is delayed (Fig. 2). 

The same effect is found if the two groups of rats 
are pair fed, and it is therefore not due to the decrease 
in food intake associated with the first days of feeding 
‘Phenergan’. 

‘Phenergan’ has been found to prevent liver damage 
in thioacetamide poisoning‘. A possible explanation 
for these effects in dietary liver necrosis is that both 
‘Phenergan’ and versene act by blocking a chain 
of reactions where trauma leads to release of toxic 
breakdown products and further damage results. 
Such trauma would be provided by cutting the slices, 
or, in vivo, by absorption of toxic substances from: 
the diet. Work is in progress to elucidate the nature 
of the biochemical lesion. 
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Fig. 2. 21 rats given yeast diet alone for 13 days from weaning. 


Then divided into three groups and fed yeast diet with or without 
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This work was done during the tenure of a Colonial 
Medical Research Scholarship. 
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RADIOBIOLOGY 


Radioactive Fission Products in Lungs 


WE have made measurements on the radioactivity 
of lung tissue, which show that the amount of fission 
products at present deposited in lungs by inhalation 
is large enough to be detected by comparatively 
simple means. This seems of interest for studying 
retention of dust in the respiratory tract. 

Gamma-scintillation spectra of dust samples col- 
lected and measured in Vienna since July 1958 have 
all shown three characteristic photo-peaks: at 
(1) 145 keV., (2) 490 keV. and (3) 750 keV. This is 
in agreement with observations at other locations 
on top soil', rain-water*, etc. Fig. la gives the spec- 
trum of one of the dust samples collected in Vienna 
by filtration of air. On the basis of known half-lives, 
decay schemes and fission yields, the peaks can be 
assigned to the following fission products : (1) cerium- 
141 and cerium-144, (2) ruthenium-103, (3) zirconium- 
95 + niobium-95. These assignments were confirmed 
in this laboratory by following the decay of the 
photo-peaks and by carrying out radiochemical 
separations. Using the peaks, the listed fission 
products present in atmospheric dust due to nuclear 
test explosions can be determined quantitatively by 
gamma-spectrometry. 

Since dust particles are inhaled and some fraction 
of them is retained in the respiratory tract, we have 
attempted to detect fission products in lungs by 
gamma-spectrometry. Lungs from animals and 
humans were ashed and the gamma-spectrum of the 
ashes was measured using a well-type sodium iodide 
(thallium) crystal. The spectrum of the ashes of a 
human lung is shown in Fig. 1b. It is apparent that 
the fission products detected in dust by gamma- 
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Fig. 1. Typical gamma-spectra (obtained with 20 keV.-channels, 
counting 16 min. in each channel; background subtracted) 
(a) Dust sample from 88 m.’* air (collected April 27, 1959: 
measured May 6, 1959). (6) Lung ashes from human C (measured 
May 26, 1959). (c) Muscle ey human C (measured May 27, 
1959) 


spectrometry are also present in lung tissue. From 
the spectra the contents of zirconium-95 + niobium- 
95 and of ruthenium-103 can be calculated. (Con- 
tents of radiocerium can also be calculated, but the 
values are thought to be less reliable and are therefore 
not listed.) The values obtained from our measure- 
ments are given in Table 1. 


Table 1. Fission Propvcts mx ORGANS 





























Weight of Weight of : 
Organ Origin of sample | Date of death§ sample | mn amd ee ~~ poe 
(gm.) } (gm.) “Zr'+ “Nb Ry 170s 
ES S— —_— —|—_—_—_____j—-— aia SS ee ee ee 
Lung* cow 24.2.59 4,500 | 32-1 ) 2 . 
Lung* sheep A 6.4.59 310 | 4-1 30 "30 | _ 
Lung* sheep B 6.4.59 340 45 240 35 | . 
toa sheep C 13.4.59 320 | 29 175 6 OC 
Lung* sheep D 13.4.59 290 5-1 140 35 
Lung* human A (50 years)} | 24.4.59 1,370 8-1 370 55 —~ 
Lungt human B (73 years)t | 12.5.59 400 1°38 155 25 aa 
| Lungt human C (60 yvears)t 17.5.29 | 600 19 250 | 45 ie 
Muscle human B | 710 | 6-9 —4 | <a 120 
| Muscle human ( | 450 2-6 - | itty, 100 
| Liver human B 1,350 12-9 | — — } 100 
| Liver | human C 1,605 15:3 — om 


= 
-_ 
; ow 





* Sample consisted of entire lung. 


+ Sample consisted of approximately half a lung. 


t Age at death. 


All radioactivity measurements were carried out within 5-10 days after death. 


Activity not detected or too small for quantitative evaluation. 
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Control measurements have been made on other 
organs (muscle, liver) from two of the humans from 
which lungs were obtained. The spectra of the muscle 
and liver ashes show only the presence of czesium-137 
(photo-peak at 662 keV.); the characteristic peaks 
found for dust and lung samples are not observed 
(Fig. lc). (The peak due to the 1-46 MeV.-gamma 
radiation of potassium-40 was also observed, but is 
not shown in the diagram.) The potassium contents 
of the ashed lung and muscle tissues from one of the 
humans were determined by chemical analysis. 
From the potassium found in muscle ashes a value 
of the specific activity of cesium-137 referred to 
potassium was obtained (84 uuc. cesium-137 per 
gram potassium). (This value is somewhat higher 
than the range of values found by whole-body 
counting during 1956-57 (25-70 uuec..per gm. potas- 
sium, ref. 3) or early in 1958 (30-60 uuc. per gm. potas- 
sium, ref. 4).) Using this specific activity and the 
potassium content of the lung ashes it can be 
estimated that the activity of cesium-137 in the 
lung amounts approximately to one-tenth only of 
the observed zirconium-95 + niobium-95 activity. 
This explains why cesium-137 was not clearly 
detected in the spectra of lung ashes. 

The amounts of radioelements found in lungs can 
be compared with the corresponding figures for air, 
as obtained from measurements on dust samples. 
During the past few months we have usually observed 
concentrations of fission products within the following 
ranges: 2-5-5-0 uuc. zirconium + niobium-95 per 
m.* air and 0-8-1-6 ue. ruthenium-103 per m.° air. 
Thus, lungs of advlt humans contain at the present 
time, by order of magnitude, as much fission products 
as a hundred cubic metres of air. It should also 
be noted that the activities of fission products found 
for the various lung samples (cow, sheep and human) 
agree fairly well if referred to one gram of lung 
tissue : for the activity of zirconium-95 + niobium-95 
six values are within the range 0-39-0-54 uuc. per 
gram tissue and all eight values are within the range 
0-:27-0-74 wuc. per gram tissue; for the activity of 
ruthenium-103 five values are within the range 
0 -060-0-091 uc. per gram tissue, and all eight values 
are within the range 0-04—0-14 uuc. per gram tissue. 

The possibilities of using measurements of the type 
reported here for the study of dust retention and 
excretion will be discussed in a later detailed 
publication. 

This investigation has been carried out as part of 
work done under a research contract with the 
International Atomic Energy Agency. Human lungs 
were put at our disposal by Prof. H. Hayek, Institute 
of Anatomy, University of Vienna. The dust 
samples were collected by Prof. J. A. Schedling, 
Mr. W. A. Miiller and Mr. M. Sedlacek, First Physical 
Institute, University of Vienna. 
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Incorporation of Tritium-labelled Thymidine 
and Tritium-labelled Deoxycytidylic Acid 
into Deoxyribonucleic Acid after Irradiation 
of the Deoxyribonucleic Acid Primer 
with y-Rays 


RECENTLY, Kornberg e al.1 have demonstrated 
that deoxyribonucleic acid formed in vitro by enzym- 
atic synthesis has chemical and physical properties 
similar to the acid used as primer. Since exposure to 
radiation is known to cause chemical changes in 
deoxyribonucleic acid*~*, it was thought that such 
changes might be reflected in the newly synthesized 
acid. Inan attempt to study this, we have determined 
the ability of irradiated and non-irradiated deoxyribo- 
nucleic acid to incorporate tritium-labelled thymidine 
or tritium-labelled deoxycytidylic acid in the presence 
of the deoxyribonucleic acid-synthesizing enzyme 
system from regenerating rat liver. 

Deoxyribonucleic acid isolated from calf thymus 
by the method of Kay e¢ al.5 was used in all experi- 
ments. An aqueous solution of the acid (0-4 per cent) 
was irradiated with various doses of y-rays from a 
cobalt source at a rate of 4,000 roentgens/min. 
Irradiated as well as non-irradiated samples were 
then used as primers to study the incorporation of 
either labelled thymidine or labelled deoxycytidylic 
acid into deoxyribonucleic acid in the presence of the 
following compounds: deoxyadenylic acid, deoxy- 
guanylic acid, deoxycytidylic acid, thymidine, adeno- 
sine triphosphate and the ‘deoxyribonucleic acid- 
synthesizing enzyme system’ prepared from regenerat- 
ing rat liver. The assay procedure used was that of 
Bollum and Potter* except that the incubation time 
was 30 instead of 60 min. 

The results of two series of experiments using two 
tritiated precursors of deoxyribonucleic acid and three 
radiation doses are shown in Table 1. Each value 
with standard deviation of the mean is based on 
quadruplicate or quintuplicate assays. It is apparent 
that the amount of labelled thymidine incorporated 
into deoxyribonucleic acid diminished as the radiation 
dose to the primer increased. In the case of labelled 
deoxycytidylic acid, however, the amount incor- 
porated increased after irradiation of the deoxyribo- 
nucleic acid with 20,000 roentgens but decreased 
with higher doses to values approximating to those 
observed with non-irradiated deoxyribonucleic acid. 
Fig. 1 shows that the ratio of tritiated deoxycytidylic 
acid to thymidine incorporated into deoxyribonucleic 
acid was linearly related to the radiation dose under 
these conditions of study. 

Base analysis of irradiated and non-irradiated 
deoxyribonucleic acid using Wyatt’s paper chromato- 
graphy method’ showed that irradiation caused no 
significant change in the base ratio even after 
exposure to 200,000 roentgens. This indicates that 
other types of physico-chemical] changes in the primer 
such as those involving hydrogen bonds must be 
responsible for our observations. 

It is interesting to speculate that the changes in the 
capacity of irradiated deoxyribonucleic acid serving 
as a primer to incorporate tritiated thymidine and 
deoxycytidylic acid may be analogous to the altered 
ability of mutated genes to replicate themselves. 
A simple calculation serves to show that this hypothe- 
sis is not beyond the realm of possibility. 

The following reasonable values can be used to 
calculate the mutation-rate of a gene in an irradiated 
living cell: (a) the molecular weight of deoxyribo- 
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Table 1. INCORPORATION OF TRITIUM-LABRLLED T4YMIDINE AND DEOXYCYTIDYLIC ACID INTO IRRADIATED DEOXYRIBONUCLEIO ACID 





Group | 


moins & om (roentgens ) 


] 
Experiment 2 


Experiment 1 
Radiation dose (roentgens) 
) 





| ),000 240,000 ( 20,000 120, 
Radioac tivity’ * of tritium- labelled ‘thymidine incorporated 
into deoxyribonucleic acid 1599414 109415 9:5 | 6448 4844 5 +1 
Radioactivity* of tritium-labelled deoxycytidylic acid | 
incorporated into deoxyribonucleic acid 4143 113 + 25 55 8 70 +9 113 +10 45+6 | 
Ratiot of incorporation of tritium-labelled deoxycytidylic 
acid to tritium-labelled thymidine into deoxyribonucleic acid 1-00 4-00 23-5 1-00 2-16 8-90 





' ee 


*Radioactivity is expressed by counts per min. per 100 ~gm. of deoxyribonucleic acid. 





Radioactivity of tritium-labelled deoxycytidylic acid in irradiated deoxyribonucleic acid sample ) 


Radioactivity of tritium-labelled thymidine in irradiated deoxyribonucleic acid sample 











t Ratio ( Radioactivity of tritium-labelled deoxycytidylic acid in non-irradiated deoxyribonucleic eee) 
~~ Radioactivity of tritium-labelled thymidine in non-irradiated deoxyribonucleic acid sample 


nucleic acid is 6 x 10* (ref. 8); (b) one molecule of 
deoxyribonucleic acid contains 2 x 10* nucleotides, 
each of molecular weight 300; (c) the size of the 
nucleus is 5 x 10-“cm.? (ref. 9); (d) the deoxyribo- 
nucleic acid content per cell is 5 x 10-™ gm. (ref. 10). 
Assuming that one molecule of deoxyribonucleic 
acid corresponds to a gene, the mutation-rate in the 
irradiated cell would be 5-8 x 10-5 G@ per roentgen 
per nucleus per gene, where G equals the number of 
molecules affected per 100 eV. of energy absorbed. 
In the experiments reported in this communication, 
the above-mentioned ratio of 3:1 for the tritiated 
deoxycytidylic acid and thymidine incorporated into 
deoxyribonucleic acid irradiated with 20,000 roent- 
gens can be used to calculate the G values of this 
system, This turns out to be 44, provided all nucleo- 
tides are equally important in the synthesis of 
deoxyribonucleic acid. 

Substituting this value for G in the expression given 
above, the rate of molecular alteration of the irradi- 
ated deoxyribonucleic acid primer (which could be 
thought of ag analogous to the mutation-rate in a 
gene) is 2-7 x 10-* per roentgen per nucleus per 
deoxyribonucleic acid molecule. This value is much 
higher than the mutation-rate of 10-* or 10-* per gene 
observed in Nature. However, in other studies of 
irradiated deoxyribonucleic acid such as those in- 
volving its transforming activity", it has been shown 
that only one-tenth of the molecule is responsible for 
the activity. If the primer has a comparably small 
active site, the rate of alteration of irradiated deoxy- 


to 
So 


to thymidine--H in DNA 


Ratio of incorporated deoxycytidylic acid“H 








2 12 24 
Radiation dose ( x 10* roentgens) 
Fig. 1. Changes of ratio of tritium-labelled deoxycytidylic acid 
to tritium-labelled thymidine incorporated into a 


acid primer irradiated with various doses of radiation. The ra 
detined in Table 1 has been used 





ribonucleic acid per roentgen would be reduced 


considerably. When irradiated in vivo, protection of 


deoxyribonucleic acid by other nuclear constituents 
would also help to reduce the difference between the 
rates noted in the genes of living cells and those noted 
under the conditions of our experiments. 

Further studies on the replicating ability of irradi- 
ated deoxyribonucleic acid will be reported else- 
where. 

This work was supported, in part, by a grant from 
the United States Atomic Energy Commission. 
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University of Rochester, 
School of Medicine and Dentistry, 
Rochester, 
New York. 
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ARCHAOLOGY 


Spectrographic Analysis of Romano-British 
Pottery 


FRAGMENTS of pottery are the most common signs 
of human occupation on most archeological sites. 
Their origin can often be deduced from their shapes 
and fabrics. There are many cases, however, where 
this evidence alone is ambiguous, and the work 
described herewith was undertaken to investigate 
the possibility of identifying the origin from the 
concentrations of various minor or trace constituents. 
Such variations of composition of the ceramic body 
would tend to reflect the variations in the clay from 
which it was made’. 

A large number of Romano-British mortaria 
were analysed spectrographically. This type of 
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pottery is particularly well suited to the purpose 
i potter’s 
name or mark, and therefore its place of origin can 
frequently be deduced from the distribution of the 
The rim shapes and the fabric also tend to 


as it is very often stamped with a 


st amps. 


Origin No. of Per cent Per cent Per cent Per cent 
samples | Na,O MgO MnO | Tio, 
Lincoln area | +0-09 +0-02 +0-00 +0°35 
3 0-23 0 0-0 2 
-0-05 0-01 0-00 | 0-15 
Hunts. +0-05 +0-07 +0-00 +0-28 
Stibbington 5 0-26 0-33 <0-01 0-92 
—0-10 —0-06 0-14 
Nr. Doncaster. | +0-11 0-033) | +0-11 
Rossington Bridge 5 0-32 >10 0-035 0-49 
0-07 0-012 0-23 
| 
+0-01 +-0-15 +0-006 | +0-21 
Cantley 3 0-33 1-0 0-016 0°55 
0-01 | 0-18 —0-004 | -0-17 
Cheshire. +0-22 +0023 | +0-24 
Wilderspool 5 ; 0-59 >2 0-061 0-71 
—0-12 0-0 —0-024 —0-16 
Warwickshire. +033 | 40-034 | +0-37 
Mancetter 11 |} os | >1-0 0-050 | 1-03 
0-19 —0°5 0-029 —0-38 
+0-05 +0001 | +0-09 
Hartshill 2 0-22 | 0-7040-00 | 0- | 3 
—0-02 } —0-:000 | —0-08 
W. Midlands. ia +0-08 +0-27 +0027 0-17 
Wroxeter area 10 0-21 0-93 0-017 0:72 
0-08 | -0-2 0-008 -0-25 
Herts/Middx. , | +0-02 +0-01 +0-00 +0-18 
Group A 3 0-14 0-52 <0°01 0-74 
—0-02 0-00 0-14 
+0-04 +0-20 +0 -006 0-09 
Group B 3 0-22 0°47 0-018 0-99 
—0-05 0-15 —0-003 -0-08 
+0-08 +0-25 +0-12 
Brockley Hill 7 0-15 0-49 ~0-01 0°37 
0-05 0-18 0-07 
+0 -03 0-09 +0-00 +0-09 
Radlett | 3 0-15 0-44 <0-01 0-40 
| -0-02 —0-14 —0-14 
E.Angiia. 7 +0-34 +0-43 +0-012 +0-11 
Colchester (Essex) 7 0-35 0-87 0-038 7 
0-17 0-22 -0-020 0-11 
Hevingham +0 -02 +0°20 +0-19 I 
(Norfolk) 2 0°32 0-80 0-86 0-82 +0-02 
0-03 ~0-20 —0-19 
REO L i I eT +0-030 
Caerleon area 3 0-67 +0 -02 1-6+0°3 0-036 0-438 40-05 
| | 0-020 
Seka... * 2 0-02 +011 
Corfe Mullen 2 0-12 0-26+0:-16 <0-01 +0-00 0-51 
—0-03 0-12 





The percentages given are mean values, and the maxi 
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evidence. 


evidence. 





Table 1. CONCENTRATION RANGES FOR THE REFERENCE ELEMENTS IN MORTARIA REGARDED AS TYPICAL OF PARTIOULAR SITES 
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Per cent 








CaO 
— ———<$<$—_—} 
0-12 
0-64 
0-23 
+0-08 
0-73 
0-10 
+0°13 
0-2 
0-10 
0-03 
0°31 
0-05 
+0-49 
1-16 
—0-39 
+0-16 
0°31 
—0O-11 
+0 -02 
0-41 
—0-03 
+0°16 
0-32 
—0:11 
+0-05 
0-60 
“04 
+0-03 
0-17 
0-03 
+0-16 
0-44 
0°12 
0-08 
0-34 
0-16 
+1°9 
3-4 
1-4 
+0-06 
1-56 
—0-06 
Ge +-0-09 
0-26 
0-08 
+0-04 
0-18 
—0-05 


mum divergences observed are indicated above and below this figure. 


Table 2. CONCENTRATION RANGES FOR THE REFERENCE ELEMENTS IN COLOUR-COATED WARES REGARDED AS TYPICAL OF PARTICULAR 

















SITES 
Origin No. of Per cent Per cent ! Per cent Per cent 
samples Na,O MgO MnO TiO, 
itt OTT Ss sr. +0-06 | +0-043 | 
Swanpool 3 0°33 >1-0 0-046 | ~ 
—0-05 0-026 | 
Mattel. ss Sei rae la +0-08 ost e +0-8 
Cheste 9 | 0-35 1-0 0-013 3 
—— —0-08 0-003 -0°8 
a. ee, +0-04 +0-011 ne 8 
Colcheste: 5 46 | 1-0 0-081 2 
wes 0-02 1 —0-016 —0:7 
—— oc oe. ree 40-04 | $0-11 +0-4 
_— 3 0-25 0-57 | <0-01+0-00 26 
—~0-2 


Great Casterton 





Per cent 
a0 








follow regional traditions and provide additional 
The mortaria chosen for reference stand-. 
ards were either from kiln sites or were those the 
origin of which could be deduced from archzological 
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The spectra were photographed in a Hilger large 
quartz spectrograph. 5 + 0-05 mgm. of a 1:1:1 
mixture of sample/graphite/ammonium sulphate 
containing 1-5 per cent lithium carbonate were arced 
at 8-9 amp. for 30 sec. in shallow graphite cups 
against a flat cathode. The are gap was kept at 
4mm. ; a 3-mm. diaphragm 2-5 em. from it helped to 
reduce the background. The dilution of the sample 
was found to improve the burning properties of these 
refractory materials and to reduce matrix effects*-*. 
The lithium was also useful as an internal standard in 
some of the experiments. 

Considerable systematic regional variations in the 
concentrations of calcium, sodium, titanium, magne- 
sium and manganese were observed by visual com- 


parison with the spectra of series of mixtures of 


oxides of 50 elements in an ammonium sulphate base 
arced under similar conditions. The variations in 
iron, copper, zirconium, vanadium, chromium and 
nickel content were either small or masked by the 
random fluctuations from sample to sample. By 
means of British chemical standard samples of silica 
brick and firebrick, calibration curves were set up 
for the first group of elements. To check the internal 
consistency of the method in the case of manganese, 
calcium, and titanium, calibration curves for two lines 
of different intensities were used. The concentrations 
of the chosen elements in typical samples were 
averaged for each kiln area and the results are shown 
in Table 1. Another 80-100 samples of less certain 
attribution on archeological grounds were then 
similarly analysed and the results compared with 
those in Table 1. In most cases the two kinds of 
evidence taken together have made the kiln area 
virtually certain. The details of this work will be 
published elsewhere, together with results for further 
kiln-site material as they become available. 

From the results it seems that the number of 
elements for which the quantitative analyses were 
carried out is sufficient to differentiate between 
material from well-separated regions. The differences 
of concentration of the various elements from region 
to region, when taken together, should leave little 
ambiguity about the source of the material when 
deciding between a limited number of archzological 
alternatives. The decision is made easier in some 
cases: for example, the compositions of the samples 
from Lincoln show high titanium, and from Colchester 
nigh calcium. 

The results for some colour-coated wares, selected 
by Mr. G. Webster (Table 2), also show significant 
trends. It is impossible to determine the origin of 
much of this pottery on purely archeological grounds, 
and it is for this kind of problem that the spectro- 
graphic method may become useful. The colour- 
coated samples have also been analysed for potassium, 
gallium, strontium, barium and lead by a different 
technique, and the results obtained so far suggest 
that these data will add further criteria of the origin. 


E. E. RicHarps 
K. F. HartLey 


Research Laboratory for Archeology and 
the History of Art, 
Oxford. 


* Prelim. Reps. Reference Clay Minerals Amer. Pet. Inst., Research 
Project No. 49 (1951). 

* Birks, F. T., Atomic Energy Research Establishment C/R 1177 
(1953). 

? Waring, C. L., and Annell, C. S., Anal. Chem., 25, 1174 (1953). 

* Weaver, J. R., and Brattain, R. R., Anal. Chem., 21, 1038 (1949). 
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Neutron Activation Analysis of Ancient 
Roman Potsiierds 


THIRTY-TWO fragments of Roman samian ware 
have been analysed for their sodium and manganese 
content, using neutron activation and y-ray spectro- 
metry. They were chosen from at least 10 of about 
30 factories at which this fine-grained pinkish-red 
Roman table-ware was manufactured. The body oi 
the sherds from all factories is very similar in appear- 
ance and a chemical method was sought to differen- 
tiate between factories. Similar analyses on other 
types of pottery have been done by Sayre e¢ al.'.* 
at Brookhaven National Laboratory, who found 
quantitative chemical differences in material from 
different places. Our results, summarized in Table 1, 
for 10 or more of the factories, show that this also 
holds in general for samian ware. 





Table 1 
| Manganese | Sodium 
| No. | No.of | Aver- Stan- Aver- Stan- 
Region of | sherds age dard age dard 
| fac- j|analysed| con- devia- | con- devia- 
tories | | tent* tion tent* tion 
1. Italy f > a 3 8 05 | 22 0-25 
2. North-east | | 
Gaul (east of 
| Moselle 
| valley) 3 9 4 0-45 | 146 0-2 
| 2 (a). Chémery, 
north-east | 
Gaul (east of | 
Moselle | 
valley) : 3 2 o2 | 2-4 0-1 
3. Central- } 
south Gaul 3 | 11 3 0-15 | 0-7 0-15 
4. North-east | | | 
Gaul (west | | 
of Moselle | 
valley) 2 6 3 | (O-1 0-6 0-1 








* In arbitrary units. 


50-mgm. samples from the interior of the sherds 
were irradiated together (so that results for different 
sherds would be comparable) for 4 hr. in a flux of 
1-1 x 10? neutrons/cem.*/sec. in Bepo at Harwell. 
The quantities of the elements present were measured 
in terms of the intensity of the 0-84 MeV. manganese- 
56 y-ray and the 2-76 sodium-24 y-ray, and as no 
standards were used the results are in arbitrary units. 
The reactions considered were the thermal neutron 
reactions manganese-55 (n,y) manganese-56 and 
sodium-23 (n,y) sodium-24, any contribution to the 
total sodium-24 activity from the fast neutron 
reaction aluminium-27 (n,«) sodium-24 on aluminium 
in the sherds being negligible. 

Sherds tended to group regionally, and one factory 
at Chémery in north-east Gaul (east of the Moselle 
valley) was distinct from the other three in the 
region. That manufactured close at hand and to the 
west of this valley is also distinct (group 4), but on 
the other hand, does not differ significantly from that 
made in south and central Gaul. Whatever the reason 
for these differences they are of archzological interest, 
and suggest a means for locating the region of origin 
of samian sherds which cannot be placed stylistically. 

We gratefully acknowledge the help of Mrs. E. 
Heckmann, who initiated the work and developed the 
gamma-ray spectrometer used. 

V. M. EMELEvUs 
G. Smmpson 
Research Laboratory for Archaeology and 

the History of Art, Oxford. Dec. 3. 

Sayre, E. V., and Dodson, R. W., Amer. J. Archaeol., 61, 35 (1957). 


* Sayre, E. V., Murrenhoff, A., and Weick, C. F., Brookhaven National 
Laboratory, Chemistry-General, 122, 508 (1958). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, January 18 


ROYAL GEOGRAPHICAL Society (at 1 Kensington Gore, London, 
5.W.7), at 5 p.m.—Mr. Peter Haggett: “‘Landuse in the Serra do 
Mar, Brazil’’. 

UNIVERSITY OF LONDON (in the Meyerstein Lecture Theatre, 
Westminster Medical School, Horseferry Road, London, 8.W.1), at 
».15 p.m.—Prof. V. M. Trikojus (University of Melbourne): ‘Some 
Aspects of Thyroid Biochemistry’’.* 

BRITISH SOCIETY FOR THE PHILOSOPHY OF SCIENCE (in the Eugenics 
Theatre, University College, Gower Street, London, W.C.1), at 
».30 p.m.—Prof. K. R. Popper: “An Indeterminist’s View of the 
Physical World” (Presidential Address). 

SOcIETY OF CaEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Bel- 
srave Square, London, 8.W.1), at 5.30 p.m.—Dr. L. Crombie: “Lipid 
/sobutylamides”’. 


ROYAL INSTITUTE OF CHEMISTRY (at Enfield Technical College, 
Queensway, Ponders End, Enfield, Middlesex), at 7.30 p.m.—Dr. 
D>. K. Hill: “Recent Advances in Glass Technology”’. 


Monday, January 18—Friday, January 22 


PHYSICAL SocrETY (at the Royal Horticultural Society’s Halls, 
Westminster, London, 8.W.1)—44th Exhibition of Scientific Instru- 
nents and Apparatus. 


Tuesday, January 19 


UNIVERSITY COLLEGE (in the Anatomy Theatre, Gower Street, 
London, W.C.1), at 1.15 p.m.—Dr. A. Comfort: “Darwin and 
r reud”’ 

INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 
Discussion on “‘Superseding the Ratio Arms in A.C. Bridges”’, opened 
y Mr. C. G. Mayo. 

UNIVERSITY COLLEGE (in the Physics Theatre, Gower Street, 
London, W.C.1), at 5.30 p.m.—Prof. Alonzo Church (Princeton 
University) : “‘Logic and Meaning”’.* (First of four Shearman Memorial 
Lectures. Further Lectures on January 21, 26 and 28.) 

PLASTICS INSTITUTE (at the Wellcome Building, 183-193 Euston 
toad, London, N.W.1) at 6.30 p.m.—Dr. G. Swift: ‘Plastics in the 
Packaging Industry’’. 








ROYAL AERONAUTICAL Society (at 4 Hamilton Place, London, 


W.1 ), at 7 p.m.—Dr. J. Seddon: “Some Aerodynamic Problems of 
Engine Installation”. 


PHARMACEUTICAL SOCIETY OF GREAT BRITAIN (at 17 Bloomsbury 
Square, London, W.C.1), at_7.30 p.m.—Dr. N. J. Harper: “A Three 
Dimensional Approach to Drug Design”. 


Wednesday, January 20 


PHYSICAL SoctETY, AcovusTICS Group (in the Physics Department, 
imperial College, Imperial Institute Road, London, 8.W.7), at 
2.30 p.m.—Symposium on “Vibrations”. 


ROYAL METEOROLOGICAL Society (at 49 Cromwell Road, London, 
5.W.7), at 5 p.m.—Monsieur N. Gerbier (Paris): ‘“‘Experimental 
Studies of Wave-form Clouds”; Dr. E. Palm (Oslo): “‘Recent De- 
velopments in Theoretical Treatment of Mountain Waves”. 


ROYAL STaTISTICAL SoctEry (at the London School of Hygiene 
nd Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), 
t 5.15 p.m.—Mr. 
ioods by Road”’. 


EUGENIcs Socrety (at the Royal Society, Burlington House, 
ccadilly, London, W.1), at 5.30 p.m.—Mr. Robert H. S. Robertson : 
The Output of Scientists in Scotland—1600 to 1950”. 


INSTITUTE OF Paysics (at 47 Belgrave Square, London, S.W.1), 
t 6 p.m.—Mr. H. J. Dunster: “Health Physics”. 


INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION DISCUSSION 
CIRCLE (at Savoy Place, London, W.C.2), at 6 p.m.—Discussion on 
‘One Approach to Generalized Machine Analysis’’, opened by Mr. 
G. J. Henderson. 


ROYAL INSTITUTE OF CaEMISTRY (joint meeting with the BRITISH 
SOCIETY FOR TaE HISTORY OF SCIENCE, at the Science Museum, 
Exhibition Road, South Kensington, London, 8.W.7), at 6.30 p.m.— 
Mr. F. Greenaway : “Thirty Centuries of Assaying”. 


OIL AND CoLovur C qewists’ ASSOCIATION, LONDON SECTION (at 

ie Royal Society of Tropical Medicine and Hygiene, Manson House, 
“6 Portland Place, London, W.1), at 7 p.m.—Mr. G. L. Cooper: “An 
Appreciation of Work Study”, followed by a film “Introducing Work 
Study”, 

SOCIETY FOR ANALYTICAL CdAEMISTRY, BIOLOGICAL METHODS 
GROUP (at the Chemical Society, Burlington House, Piccadilly, Lon- 
don, we). at 7 p.m.—Prof. L. Garrod: “Antibiotic Assays in Body 
‘luids”’, 


_ SOCIETY FoR PsycHIcAL RESEARCH (at Kensington Town Hall, 
Kensington High Street, London, W.8), at 7 p.m.- Dr. 8S. G. Soal : 
‘The Jones Boys Experiments—The Case Against Cheating”. 


K. F. Glover: “Statistics of the Transport of 
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Wednesday, January 20—Thursday, January 21 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (in co-operation with the BRITISH COMPUTER 
SOCIETY, at Savoy Place, London, W.C.2)—Discussion Meetings on 
“Reliability and Maintenance of Digital Computer Systems—Man- 


agerial and Engineering Aspects”’. 





Thursday, January 21 


INSTITUTION OF MINING AND METALLURGY (at the Geological 
Society, Burlington House, Piccadilly, London, W.1), at 5 p.m.— 
Mr. J. H. Harris: ‘Serial Gravity Concentration—a New Tool in 
Mineral Processing’; Mr. P. D. R. Maltby: ‘Use of Moving Bed 
Ion Exchange in the Recovery of Uranium at Can-Met Explorations, 
Ltd., Blind River, Ontario”’. 


LONDON MATHEMATICAL Society (at the Royal Astronomical 
Society, Burlington House, Piccadilly, London, W.1), at > p.m.— 
Dr. 8S. J. Taylor: “Properties of the Pélya Random Walk’’. 


INSTITUTE OF INFORMATION SCIENTISTS (at Caxton Hall, Caxton 
Street, London, 8.W.1), at 6 p.m.—Mr. R. L. Brown: “The Critical 
Technical Review and Its Contribution to Progress’’. 


INSTITUTION OF MECHANICAL ENGINEERS, HYDRAULICS GROUP 
(at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.— 
Discussion on “The Value of Hydraulics Research in Mechanical 
Engineering”’. 

SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
Group (at 14 Belgrave Square, London, 8.W.1), at 6 p.m.—Mr. D. B. 
Honeyborne: “Plastics for Building’’. 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson 
House, 26 Portland Place, London, W.1), at 7.30 p.m.—Symposium 
on “‘Arthropod-borne Diseases”; Dr. C. E. Gordon Smith: ‘Factors 
in the Past and Future Evolution of the Arborviruses’’; Mr. P. F. 
Mattingly: “Ecological Aspects of the Evolution of Mosquito-borne 
ee Diseases”; Prof. C. D. Darlington: “Origin and Evolution of 

iruses”’. 


Saturday, January 23 


BIOCHEMICAL SOciETY ‘in the Department of Biochemistry, Lon- 
don Hospital Medical College, Turner Street, London, E.1), at 10 a.m. 
—390th Meeting. 


LONDON CouNTy CoUNCIL (at the Horniman Museum, London 
Road, Forest Hill, London, 8.E.23), at 3.30 p.m.—Mr, Philip Sumner : 
“The Wheel in the History of Transport’’.* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT LECTURER IN THE DEPARTMENT OF SOcIOLOGY—The 
Registrar, The University, Leicester (January 30). 

C4ikF CATALOGUER (graduate with good cataloguing experience, 
preferably of the Library of Congress scheme)—The Registrar, The 
University, Nottingham (January 30). 

LECTURER (honours graduate in physics or chemistry) IN POLYMER 
CaEMISTRY in the Department of Textile Chemistry—The Registrar, 
The Manchester College of Science and Technology, Manchester 1 
(January 30). 

LECTURER IN Paysics AND/OR CHEMISTRY—The Principal, Borough 
Road College, Isleworth, Middlesex (January 30). 

RESEARCH ASSISTANT IN THE DEPARTMENT OF PURE MATHEMATICS 
—The Registrar, The University, Liverpool, quoting Ref. CV/T 
(January 30). - 

SCIENTIFIC OFFICER (male, with an honours degree), for genetical 
and cytological research—The Secretary, Plant Breeding Institute, 
Trumpington, Cambridge (January 30). 

ASSISTANT LECTURER IN BIOCHEMISTRY—The Registrar, The 
University, Sheffield (January 31). 

Boots MEDICAL RESEARCH FELLOW (medically qualified), to under- 
take research in one of the following fields: Pharmacology, Thera- 
peutics, Pathology. Bacteriology, Medicine, Surgery, or Obstetrics 
and Gynecology—The Registrar, The University, Sheffield (January 


LECTURER IN BACTERIOLOGY—The Registrar, The University, 
Shetfield (January 31). 

ASSISTANT LECTURER IN BrocHEMISTRY—The Registrar, The 
University, Sheffield (January 31). 

ASSISTANT LECTURER IN MATHEMATICS—The Registrar, University 
College of North Staffordshire, Keele, Staffordshire (February 1). 

LECTURER/SENIOR LECTURER IN MECHANICAL ENGINEERING at the 
University of Sydney, Australia—The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (Australia and London, February 2). 

SENIOR LECTURER or LECTURER, and a LECTURER IN THE DEPART- 
MENT OF MECHANICAL ENGINEERING, University of Western Australia 
—tThe Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia and London, 
February 8). 

C4AIR OF DERMATOLOGY at the Institute of Dermatology—The 
Academic Registrar, University of London, Senate House, London, 
W.C.1 (February 10). 

READER IN LARYNGOLOGY at the Institute of Laryngology and 
Otology—The Academic Registrar, University of London, Senate 
House, London, W.C.1 (February 11). 

EXPERIMENTAL OFFICER/ASSISTANT EXPERIMENTAL OFFICER 
(electronic engineer with experience of pulse techniques) at the 
National Physical Laboratory (Metallurgy Division), Teddington, 
Middlesex, for the upkeep and development of the following equip- 
ment : nucleonic counters, X-ray detectors, spectrographic source 
units, automatic timers, voltage regulators, mass spectrometers, and 
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The Ministry of Labour, Technical and Scientific 


wide band amplifiers- 
London, 8.W.1, quoting Ref. D.633/9A 


Register (K), 26 King Street, 
(February 12). 

LECTURER IN Paysics, and a LABORATORY SUPERINTENDENT IN 
THE DEPARTMENT OF Puysics, Fourah Bay College, Sierra Leone 
(University of Durham)—The Secretary, Inter-University Council for 
Higher Education Overseas, 29 Woburn Square, London, W.C.1 
(February 12) 

ASSISTANT LECTURER or LECTURER (with a degree in pure science) 
IN AGRICULTURAL ZOOLOGY at Canterbury Agricultural College, 
University of New Zealand—-The Secretary, Association of Universities 
of the British Commonwealth, 36 Gordon Square, London, W.C.1 
(New Zealand and London, February 15). 

CHAIR OF ORGANIC CHEMISTRY at Queen 
Academic Registrar, University of London, Senate 
W.C.1 (February 15). 

SENIOR LECTURER and a LECTURER IN PHYSICS at Victoria Univer- 
sity of Wellington, New Zealand—-The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (New Zealand and London, February 29). 

SENIOR LECTURER IN AGRICULTURAL ECONOMICS at Canterbury 
Agricultural College, University of New Zealand—The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (New Zealand and London, February 29). 

SENIOR LECTURER or LECTURER IN EDUCATION at the University 
of Otago, Dunedin. New Zealand—The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1, or from the Registrar of the University (New Zealand and 
London, February 29). 

ASSISTANT TUTOR or TUTOR IN PHARMACEUTICS; an ASSISTANT 
TUTOR or TUTOR IN PHARMACEUTICAL CHEMISTRY ; an ASSISTANT 
TUTOR or TUTOR IN PHARMACOGNOSY : and an ASSISTANT TUTOR IN 
PHARMACOLOGY at the New Zealand School of Pharm: acy—The High 
Commissioner for New Zealand, 415 Strand, London, W.C.2 (March 1). 

BIOCHEMIST or MICROBIOLOGIST (with an honours degree), to work 
in the field of bacterial metabolism—The Secretary, Medical Research 
Council of Ireland, 50 Merrion Square, Dublin (March 1). 

PETER NICOL RUSSELL Ca4AIR OF MECHANICAL ENGINEERING at 
the University of Sydney, Australia—The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (Australia and London, March 15). 

ASSISTANT Paysictst (with an honours degree in physics and post- 
graduate experience in radiation or nuclear physics) IN THE DEPART- 
MENT OF PHYSICS APPLIED TO MEDICINE, for duties concerned mainly 
with assisting in the organization of practical work, demonstrations 
and teaching aids for postgraduate courses for the M.Sc. degree in 
Radiation Physics, and other postgraduate courses in radiological 
physics and protection—The Secretary, Department of Physics 
Applied to Medicine, Middlesex Hospital Medical School, London, W.1. 

ASSOCIATE PROFESSOR or ASSISTANT PROFESSOR (theoretical 
physicist, preferably with experience and main interest in the field 
of nuclear theory), to teach courses at the senior and postgraduate 
levels and to carry on research—The Head, Department of Mathe- 
matical Physics, University of Manitoba, Winnipeg, Canada. 

BIOLOGIST (with a good degree in physiology or zoology and con- 
siderable research experience, preferably with spermatozoa): and a 
BIOCHEMIST (with a good degree in biochemistry or chemistry, and 
research experience with polysaccharides or proteins, preferably 
involving work with animals), to join a small research team investi- 
gating cervical mucus, with particular reference to problems of fertility 
~The Secretary, National Institute for Research in Dairying (Univer- 
sity of Reading), Shinfield, Reading, quoting Ref. 59/17. 

BIOLOGIST (with a strong leaning towards botany, and capable of 
teaching biology to A level and botany to S level): and a CHEMIST 
(capable of teaching the subject to A level)—The Head Master, West- 
minster School, Dean’s Yard, London, 8.W.1. 

Cutler TECHNICIAN (trained in hematology, able to supervise Staff 
and plan systematic experimental work)—The Personnel Manager, 
Jewish General Hospital, 3755 Cote Street, Catherine Road, Montreal, 
Quebec, Canada. 

GRADUATE ASSISTANTS (qualified to pursue M.Sc. and Ph.D. work) 
IN CaEmistry—The Chairman, Department of Chemistry, McMaster 
University, Hamilton, Ontario, Canada. 

INDEXER (female, preferably graduate)—The Director, Common- 
— Bureau of Pastures and Field Crops, Hurley, near Maidenhead, 
jerks. 

INSTRUCTOR or ASSISTANT PROFESSOR ; POSTDOCTORATE FELLOWS ; 
and SCHOLARS IN THE DEPARTMENT OF Paysics—The Head, Depart- 
ment of Physics, University of British Columbia, Vancouver, B.C., 
Canada. 

IsoTOPE TECHNICIAN (preferably with a knowledge of biochemistry 
or electronics). for a specialized laboratory dealing with the diagnosis, 
treatment and research in thyroid disorders—Hospital Secretary, 
New End Hospital, Hampstead, London, N.W.3. 

LABORATORY TRCHNICIAN (A.1.M.L.T. or B.Sc.), for routine hospital 
biochemistry—The Secretary, Group 9 Pathological Laboratory, 6 
Rickmansworth Road, Watford. 

LECTURER (with an honours degree in mathematics or statistics, 
with teaching and research or industrial experience involving the 
application of mathematics to scientific and engineering problems) 
IN MATHEMATICS—The Registrar, College of Technology, Ashley Down, 
Bristol 7. 

PROFESSOR’S SECRETARY 
or horticulture), to work at the 
Research Laboratories—The Assistant 
Reading. 

RESEARCH ASSISTANT (with some previous laboratory or animal 
experience), for work on the biochemistry of the eyve—The Secretary, 
University College Hospital Medical School, University Street, London, 

r.C.1 


College—The 
London, 


Mary 
House, 


(preferably graduate, especially botany 
University of Reading Horticultural 
Bursar, The University, 


RESEARCH FELLOW IN THE DEPARTMENT OF MEDICAL Puysics, 
for work concerned with the physical problems arising from the use 
of ionizing radiations in medicine—The Secretary, Royal Free Hospital 
School of Medicine (University of London), 8 Hunter Street, London, 
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SCIENTIFIC OFFICER (with a first- or second-class honours degree 
in physics or equivalent) at the National Physical Laboratory (Stan- 
dards Division), Teddington, Middlesex, to apply modern techniques, 
for example, opiical interference, to precision measurement-in first 
place of quantities, such as length and pressure, and later of funda- 
mental physical quantities and constants—The Ministry of wu xt 
Technical and Scientitic Register (K), 26 King Street, London, 8.W.1, 
quoting A.577/@A. 

SENIOR PHARMACIST at the London Chest Hospital—The House 
Governor, London Chest Hospital, London, E.2. 

TECHNICAL ASSISTANT (preferably with G.C.E. “A” level, or better, 
in physics, chemistry and biology), for research in cell structure and 
nucleic acids, using the electron microscope, ete.—The Director, 
M.R.C. Biophysics Research Unit, King’s College, Strand, London, 
W.C.2. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


London and Home Counties Regional Advisory Council for Techno- 
logical Education. Engineering Education in the Region. Seventh 
edition. Pp. 36. (London: London and Home Counties Regional 
Advisory Council for Technological Education, 1959.) 3s. 6d. [3011 

Ciba (A.R.L.), Ltd. Technical Notes, No. 203 (November, 1959) : 
‘Redux’ for Bonding Brake Liners. Pp. 8. (Duxford: Ciba (A.R.L.), 
Ltd., 1959.) {3011 

Committee on Science and Freedom. Bulletin No. 13: The Scholar 
and Society—Report on a Study Group held in Tunis, April, 1959. 
Pp. 144. (Manchester: Committee on Science and Freedom, 818, 
Wilmslow Road, 1959.) [3011 

Department of Scientific and Industrial Research. Automatic 
Control in Soviet Industry : a Report of a visit to the Soviet Union in 
May, 1959. Pp. 64. (London : Department of Scientific and Industrial 
Research, 1959.) (3 

The British Rubber Producers’ Research Association. List of 
Publications, 1940-1959, and Supplements. Pp. 32. (London : —_— 
Rubber Producers’ Research Association, 1959.) [301 

Building Research Station Digest No. 127 (October, 1959): Simpli- 
fied Plumbing for Multi-storey Flats. Pp. 4. (London : H.M. Stationery 
Office, 1959.) 4d. (3011 


Other Countries 


World Health Organization. Library News, Vol. 12, Supplement 
No. 2: Current Indexing and Abstracting Periodicals in the Medical 
and Biological Sciences—an Annotated List. Second edition. Pp. 85. 
(Geneva: World Health Organization. 1959.) [3011 

Académie Royale de Belgique. Classe des Sciences. Mémoires, 
Tome 31, Fascicule 6: Flexion et Extension des Plaques d’Epaisseur 
Modérée. Par Prof. B. Fraeijs de Veubeke. (Bruxelles: — 


Royale de Belgique, 1959.) 

East Africa High Commission. East African Agriculture and 
Forestry Research Organization. Record of Research for the period 
January 1 to December 31, 1958—Annual | 1958. Pp. eal 
(Nairobi: Government Printer, 1959.) Shs. 3/50. 3011 

United States (86th Congress, Ist Session). United States Foreign 
Policy. Possible Nonmilitary Scientific Developments and their 
Potential Impact on Foreign Policy Problems of the United States: a 
Study prepared at the request of the Committee on Foreign Relations, 
United States Senate, by Stanford Research Institute. Pp. ix+100. 
(Washington, D.C.: Government Printing Office, 1959.) [3011 

The Regional Research Centre of the British Caribbean at The 
Imperial College of Tropical ~ ye Trinidad, W.1. Soil and 
Land-Use Surveys No.6: British Guiana. 1 : The Rupununi Savannas 
(continued). 2: The Intermediate BA 3: General Remarks. 
By J. Stark, G. K. Rutherford, J. Spector and T. A. Jones. Pp. 24. 
(St. Augustine, Trinidad: Imperial College of Tropical Agriculture, 
1959.) 15s. 3011 

Universidade de Sio Paulo. Boletim do Instituto Oceanografico, 
Tomo VIII, Fasc. 1 e 2. Pp. 261. Contribuicoes Avulsas do Instituto 
Oceanografico. No. 1, 1957: Cokeridia kathetostoma n. sp., da fam. 
Dactyloscopida (Pisces-Perciformes.) By J. de Paiva Carvalho. 
Pp. 5+1 plate. No. 2, 1957: Istituto de Biologia Maritima das 
Caraibas : Fundacao e Patrocinador. Pp. 5. No. 1, 1958: Red para 
Fitoplancton con copo Intercambiable. Pp. 5+2 plates. (Sio Paulo: 
Universidade de S&io Paulo, Instituto Oceanografico, 1957 and 
1958.) [3011 

Instituto Ecuatoriano de Ciencias Naturales, Quito, Ecuador. 
Contribucion No. 29: Los Manglares de] Ecuador. Por Dr. M. Acosta- 
Solis. Pp. 82. (Quito: Instituto Ecuatoriano de Ciencias Naturales, 
1959.) 3011 





Editorial and Publishing Offices of ‘‘NATURE"’ 
MACMILLAN & CO., LTD., 
ST. MARTIN’S STREET, LONDON, W.C.2. 
Telephone Number: Whitehall 883!. Telegrams: Phusis Lesquare London 


Annual subscription £7/15/-, payable in advance, 
postage paid to any part of the world 


Advertisements on'y shou'd be addressed to 
T. G. Scott & Son, Led., | Clement's inn, London, W.C.2 
Telephone Number: Holborn 4743 


All rights reserved. Registered as a newspaper at the General Post Office 








